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SECTION 1

CHAIN OF CUSTODY




Eberline Services

C C d o] 601 Scarboro Road
hain of Custody Recor Ne 1604  Ssemoonm ESERLINE
(865) 481-0383 Phone - (855) 4334621 Fax
Project Name:  Waestlake Landfill Project Number:
Send Report To:  EMSI/ Auxier & Assoc. | Sampler {Print Name}: Pof Pawifs A Pagal ot ! |
Address: Eovironteental Management Support, Inc. Sampier (Print Name): 6%[‘ ’Qégﬁfﬁ?ﬁ{/ § G q \5 " B
7220 W, Jsffecson Ave,, Suite 406 * KE SPIRGEDN K i '563\’
%E%‘?ﬁﬁ%?ma Shipment Method: FedEx ;i‘-’ &/ g?’
TH31 Comdill Brad, Sls 1 T - - & £
Knexvile, TN 39937 Al Nember: 7739 137 9290 2 | & - COAT
Hre
Phone: EMSE(303) 940-3426 / A & A (865) 675-3669 | Laboratory Recelving: f)”ﬂisg;;:’g":fm < § z Order #
Fax; TMSAI(303) 340-3422 / A & A {865) £75-3677 g (865) 481-0683 & ;;.?
Sampl Sample | Numberot /.57 & ts, Special [2b Sampe 10|
Feld Sample I 3 Brgge 4 ﬁrrr;ge Mggx Contahe-:rars G/ & gﬁe&ms,p&g {to be e:)mplet‘;de by fab)
ENGWESA001 y 595 112 air filier 1 X | x
ENGWESA002 5 5/ 845 ¢ Bap air filler 1, XX 'y 3 @«@
ENGWESAD3 { 5/ /?5‘ o900 air fifter 1 XiX E § § £
ENGWESA004 ) s//is| 930 | arier 1 xix| g _g‘ y 4 e
- = =
ENGWESASUS g 5/ 1506 | il 1 X|X g :73_: Ps &
ENGWESA086 4 547 A-g 50 air fitles 1 X1X ® 2 W@ o
ENGWESA007 w 5/077/{5 156 uir filler 1 XX g ui: f?c/,‘? ‘5?? D
ENGWESA008 i 5005 | [53E | airfber 1 XX = £ ~ 1%
FENGWESADNS " 5/{;3/1;5 Jod R | el 1 X1 X uf —5
BENGWESA0I0 I-, 5;@8/:‘5 / [@(ﬂ air [lier 1 XX § -
ENGWESABL] ™ 5/ﬂ?/)5 yis) air filter 1 XX '§ 'E
ENGWESA0I2 s 5/027 /‘,5 g 3 7 air (Her i X1 X -@ <
ENGWESAOL? 1w bi /2 7 5| 7 sir Filter 1 XX ? S vk am.ca-ow
o " A . v
Field Blank AT 19 A5/28/5 | OFAD | wrfie L XiX ( o ddieut LLA
- 5 AT T T . ]
ENGgEsA 013 Fie\d Dl leslad| 11171 E logfue|1 4
= - J ’
fM\qu,u“S Cred RS
71 J
- Lo
by: (Signdture) Received by: (Signature) Date: 7 hme! g ! Sample Custodian Remarks (Complated By Laboratory):
5 / : % A - [ FQDE/]{ TIET 043¢ G205 5%? £ /5 oLy, QA/QC Level Turnaround Sample Recaipt
Relinquished by’ {Signature Received by: {Signature) Cate? Time: Leve] IV X} Total # Containers Recelved?
) Level | [ Routine & COC Seals Present?
F ed _ aKmim _ '@V\) 5/ Z"i/ § 930 fevel ! O | 24Hour 1 CO0 Seals Intact?
Relinguished by: {Signatife) Received by: {Signature} Date: Time: level W O | 1Week O Roceived Comainers Tnacts
Other 0 | Otuer Temperatura?




@ EBERLINE

SERVICES

Oak Ridge Laboratory

Internal
Chain of
Custody

Lab Deadline

Work Order #

15-08106

9/15/2015

Analysis

UUISO - Level 4

Sample Matrix

Air Filter

Sample HP 210 / 270 Sterage
Comments Fraction . Detector Activity | Location
04 ) 36 : 513
- T 45 513
06 36 51.3
i 35 51.3 i
Run Gamma 1st ASAP! 08 45 s13
09 43
10 40
11 33
12 41
A3 43
14 44
15 42
. 16 41
Samples are re-log of 15-05134, fractions 04-16 only |- -
Location (circle one} Initials Date
Recelved by Rough Prep Prep Separations Count Room — T\’
~— Qlals WA o).
Relinquished by Sample Storage Rough Prep @ Separations Count Room N : M\ ‘
Received by Sample Storage Rough Prep Prep C §éparaticn3. Count Room W/w Q/Lffi' 3 lﬁ/ﬁ»{‘}
Relinquished by Sample Storage Rough Prep Prep ( Separalions GCount Room W M% 15"” 07 3 ;_,i
e Y :
Received by Sample Slorage Rough Prep Prep Separat\ons«L_._ /)1’*"""“"-*——‘___/"" X//é? L
Relinquished by Sample Storage Rough Prep Prep Separations \w q\mb( j}‘:’
Received by Sémple gt’o:;g Rough Prap Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Samgple Storage Rough Prep Prep Separations Count Room i
Relinquished by Sample Storage Rough Prep Prep Separations Count Room :
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room :
Received by Sample Storage Rough Prep Prep Separations Count Roem
S " §
Relinquished by Sample Storage Rough Prep Prep Separations Count Room

Printed.




Internal

Work Order # | 1 5'081 06

Recelved by

Sample Storage

@ EBERLINE - Lab Deadline 9/15/2015
Oak Ridge Laboratory Analysis ThISO - Level 4
CUStOdy Sample Matrix Air Filter
Sample i HP 210/ 270 Storage
Comments Fraction Detector Activity : Location
Lo 36 St
s 45 sL3
L 36 SL3
07 35 s13
Run Gamma 1st ASAP!! 08 46 s13
09 I St
10 40 $1.3
L 39 ‘
12 A
14 A
15 42
Samples are re-log of 15-05134, fractions 04-16 only 1
Location (circle one) Initials Date
Rough Prep Frep Separations Count Room

1L MQE};&E Eais,{@ o

Relinquished by Sample Storage Rough Prep Separations Count Roem \ q E E
RN DARIE!
Recelved by Sample Storage Rough Prep Prep €eparalions Coupt Room %@f{ ‘:}fﬁ'i»’( },n.. {w
.......... S % S S —
Relinquished by Sample Storage Rough Prep Prep  SwGepamtions —  Count Room W /ﬁﬂ 9-”&‘-’@ ‘' m‘i,({
Received by Sample Storage Rough Prep Prep Separatior;@ii&i Woem/’”'”%w_‘wwfz&m__ww
______________________ e Ko R A
Relinquished by Sample Storage Rough Prep Prep Separalisis "w (‘ b . I ! : .
. L G 0
Recelved by @e Rough Prep Prep Separations Count Room
Relinguished by Sample Storage Rough Prep Prep Separations Count Roem _
Received by Sample Storage Rough Prep Prep Separations Count Reom
Relinquished by “ ;;"r;ple Storage Rough Prep Frep Separations omroom | :
Received by Samgple Storage Rough Prep Prep Separations Gount Roem i
Relinquished b\.r Sample Storage o ;{ oughPrep Prep Separations Count Room -
Received by Samgle Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room




SERVICES

Internal
Chain of

Work Order # 15-08106

- Lab Deadline 9/1 5,201 5

Analysis

Gamma - Level 4

Oak Ridge Laboratory

Custody

Sample Matrix Air Filter
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
as ; 45
06 36
Run Gamma 1st ASAP!!! 07 : 35
e S
Report Ac228, Bi214, K40, Pa231, Pb210/214 & true positives. | .
10
B 41 —
43 - ;
i )
Samples are re-log of 15-05134, fractions 04-16 only it :
_..Location (circle one) Initials Date

Received by Rough Prep Prep Separations Count Room i']pb
Relinquished by Sample Storage Prep Separations Count Room ) '25{
e
s Ry
Received by Sample Storage Rough Prep Prep Separations {@é ?
Relinquished by Sample Storage Rough Prep Prep "~ “-"SQ;QW

Say@ Rough Prep Prep Separations Count Room ‘

Received by
Relinquished by Sample Storage Reugh Prep Prep Separations Count Room :
Received by Sample Storage Rough Prep Prep Separations Count Room :
Relinquished by Sample Storage Rough Prep Prep Separations Count Repm
Received by Sample Storage Rough Prep Prep Separations Count Room :
Relinquished by Sampls Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room :
........ - —
Relinquished by Sample Storage Rough Prep Prep Saparations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinguished by Sample Storage Rough Prep Prep Separations Count Room




SECTION 11

SAMPLE ACKNOWLEDGEMENT




[ . ClientName , _ ContractPO | _ Project Type Date Received _ Required Turnaround Days
Auxier & Associates, Inc. . WESTLAKE Envirormental 08/25/2015 28 1 5_081 06
- _ ProjectName 1 Client WO Sample Disp B Lab Deadline ‘ internal Deadline -
WESTLAKE wesTiakE anorLATe 09/1 5/2015 09/21 /1201 5 09/22/201 S
- —_— - a S T T T ——
Internai ID Client iD Sample Date | Matrix Storage % 12 % =
IR S
Gl L.CS 08/26/15 AF 51.3 Xt X X 2
02 BLANK 08/26/15 AF 51.3 X1 X| X 3
03 pup 08/26/15 AF S1.3 X|X| X £
04 ENGWESAQDL 05/27/15 16:12 AF 51.3 X1 X X 3
05 ENGWESADDQ2 05/28/15 08:30 AF 51.3 X1 X[ X 3
06 ENGWESADO3 05/28/15 09:06 AF 51.3 X X X 3
07 ENGWESAO04 05/28/1509:30 | AF 51.3 X | x| % 2
08 ENGWESAQOS 05/27/15 15:08 AF 513 X X | X 3
09 ENGWESAQDG 05/27/15 16:50 AF 51.3 X| X| X 3
10 ENGWESAQO7Y 05/27/1512:00 | AF 51.3 X | x| x| 3
11 ENGWESAQG08 05/27/1515:38 | AF S1.3 X| x| X 3
12 ENGWESAQD9 05/28/15 10142 | AF 51.3 XX} X 3
13 ENGWESAO010 05/28/1511:06 | AF 51.3 X| XX 3
14 ENGWESAO11 05727115 02:10 | AF $1.3 X! x| x 3
15 . ENGWESAD12 05/27/1510:36 | AF S1.3 X|xjx 2
16 ENGWESADL3 05/27/15 11:17 AF 51.3 XXX 3
[
o
0
0
Totals Per Analysis (non QA samples} 13 i i3 13 0 0 @ 0 0 1] 0 ¢ . 0 [V ] 0 4] o0 o 0 0 0 ¢ 0
Auxier & Associates, inc. Auxier & Associates, Inc.
. Oak Ridge Laboratory 8821 Cogdill Drive #1 9821 Cogdill Drive #1
@ E E &: R L“l N E 601 SCEabeI'O Rd. Krioxvilie, TN 37932 Knoxville, TN 37632
srmrvices ~ Oak Ridge, TN 37830
| Voice B8B65-675-3669 Voice B865-8675-3869
Sample Log In Report Voice: (865) 481-0683 Fax 865-675-3677 Fox 8666753677
Fax: (865) 483-4621 Contact Cecilia Greene
Voice 885-675-26689
Fax 865-675-3677

Printed: 8/26/2015 2:45 PM
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SAMPLE RECEIPT CHECKLIST

MP-001-2
WORK ORDER # g 5 3 @ & g @ @
SAMPLE MATRIXMATRICES: (CIRCLE ONE OR BOTH})
AQUEOUS @}
(CIRCLE EITHER YES, NO, OR N/A)
WERE SAMPLES:
Received in good condition? & N
If aquecus, properly preserved . Y N
WERE CHAIN OF CUSTQODY SEALS:
Present on outside of package? @ N
Unbroken on outside of package? @ N
Present on samples? @ N
‘Unkroken on samples? - @ N
Was chain of custody present upan sample receipt? (\] N

IF THE RESPONSE TC ANY OF THE ABOVE IS NO, A DISCREPANT SAMPLE RECEIPT REPORT

(DSR) HAS BEEN ISSUED.

REMARKS:

SIGNATURE:

DATE: & 2.4 {3

Copy No.

Radiochemistry Services
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CASE NARRATIVE




EBERLINE ANALYTICAL CORPORATION
601 ScarBORO RoAD

OAK RIDGE, TENNESSEE 37830
PHONE (865) LBI-0683

Fax (B65) L83-462]

SERVICES

EBS-OR-39706
September 25, 2015

Marsha Joseph

Auxier & Associates, Inc.
9821 Cogdill Road #1
Knoxville, TN 37932

CASE NARRATIVE
Work Order # 15-08106-OR

SAMPLE RECEIPT

This work order contains thirteen air filter samples relogged 08/25/2015 at the request of the client.
These samples were analyzed for Isotopic Uranium, Isotopic Thorium, Actinium-227 (reported from
Thorium-227) and by Gamma Spectroscopy.

CLIENT ID LAB ID CLIENT ID LABID
ENGWESAO001 15-08106-04 ENGWESAQ008 15-08106-11
ENGWESA002 15-08106-05 ENGWESAQ09 15-08106-12
ENGWESAQO3 15-08106-06 ENGWESA010 15-08106-13
ENGWESA004 15-08106-07 ENGWESA0Q11 15-08106-14
ENGWESA005 15-08106-08 ENGWESA012 15-08106-15
ENGWESA006 15-08106-09 ENGWESA013 15-08106-16
ENGWESA007 15-08106-10

ANALYTICAL METHODS

Isotopic Uranium was analyzed using Method EML U-02 Moedified. Isotopic Thorium was analyzed
using Method EML Th-01 Modified. Gamma Spectroscopy was performed using Method LANL ER-130
Modified.

- ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 2-sigma value.
Minimum Detectable Activity (MDA) values for data represented in this report are sample-specific.

MDA measurements are determined based on factors and conditions including instrument settings, aliquot
size and matrix type.

Page 1 of 3




ANALYTICAL RESULTS CONTINUED

[SOTOPIC URANIUM

Samples were prepared by digestion of filter media using mixed acids followed by subsequent dilutions.
Aliquots from dilutions were taken and Uranium was selectively extracted by ion exchange. Uranium was
eluted, micro-precipitated and mounted on micro-porous filter media. Sample activities were then
determined by alpha spectroscopy using energy specific regions of interest for Uranium-234, Uranium-
235 and Uranium-238. Chemical recovery was determined by the use of a Uranium-232 tracer. Activity
of the Uranium-232 tracer was determined by alpha spectroscopy using an energy specific region of
interest.

Samples demonstrated acceptable results for all Uranium analyses. Chemical recovery was acceptable for
all samples. The Uranium-234, Uranium-235 and Uranium-238 method blank demonstrated acceptable
results. Results for the Uranium-234 and Uranium-238 duplicate demonstrated a high relative percent
difference; however, normalized difference is within acceptable limits for the analytical technique.
Results for the Uranium-235 duplicate demonstrated an acceptable relative percent difference and
normalized difference. Results for the Uranium-234 and Uranium-238 laboratory control sample
demonstrated an acceptable percent recovery.

ISOTOPIC THORIUM

Samples were prepared by digestion of filter media using mixed acids followed by subsequent dilutions,
Aliquots from dilutions were taken and Thorium was selectively extracted by ion exchange. Thorium was
eluted, micro-precipitated and mounted on micro-porous filter media. Sample activities were then
determined by alpha spectroscopy using energy specific regions of interest for Thorium-227, Thorium-
230 and Thorium-232. Chemical recovery was determined by the use of a Thorium-229 tracer. Activity of
the Thorium-229 tracer was determined by alpha spectroscopy using an energy specific region of interest.

Samples demonstrated acceptable results for all Thorium analyses. Actinium-227 results were reported
from Thorium-227 assuming secular equilibrium. Chemical recovery was acceptable for all samples.
The Thorium-227, Thorium-230 and Thorium-232 method blank demonstrated acceptable results.
Results for the Thorium-230 duplicate demonstrated an acceptable relative percent difference and
normalized difference. Results for the Thorium-232 duplicate demonstrated a high relative percent
difference; however, normalized difference is within acceptable limits for the analytical technique.
Results for the Thorium-230 and Thorium-232 laboratory control sample demonstrated an acceptable
percent recovery,

GAMMA SPECTROSCOPY

Air Filters for Gamma Spectroscopy analysis were prepared by transferring directly to standard geometry
containers. Samples were counted on High Purity Germanium (HPGe) gamma ray detectors,

Samples demonstrated acceptable results for all gamma-emitting radionuclides as reported. The method
blank demonstrated acceptable results for all radionuclides as reported. Results for the Beryllium-7,
Potassium-40 and Lead-210 replicate demonstrated an acceptable relative percent difference and
normalized difference.  Results for the Cobalt-60 and Cesium-137 laboratory control sample
demonstrated an acceptable percent recovery.

Page 2 of 3




CERTIFICATION OF ACCURACY

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above, Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager or his/her
: designee to be accurate as verified by the following signature.
\\M J

M.R. McDougall
Laboratory Manager

Date: 9/25/2015

Eberline Analytical wants and encourages your feedback regarding our performance providing radioanalytical services. Please
visit http:/fwww.eberlineservices.com/client.htm to provide us with feedback on our services.

Page 3 of 3
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SECTION IV

ANALYTICAL RESULTS SUMMARY




Printed: 9/25/2015 12:13 PM Page 1 0f7

Report To: Work Order Details:
Eber“ne Analytical Marsha Joseph ~_spe:. 15-08106
. i Auxier & Associates, Inc. Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category: . ENVIRONMENTAL -
Knoxville, TN 37932 Sarmiple Matrix. AF
Lla; S;;“p";" ¢ 'I‘;"t SaD‘;‘t':'e R‘E;i;‘“ A“;;‘t':‘s g‘i‘g‘h Analyte Method Result cu G MDA oV RJ;;“
150810801 |  LCS KNOWN 08/26/15 00:00 | 8/25/2015 | 8/28/2015 | 1508106 |  Gobalt.60 LANL ER-130 Modified | 9.82E+03 | 3.93E+02 pCifs
15.08108-01 | LCS KNOWN 0B/26/15 00:00 | 8/25/2015 | 8/28/2015 | 1508106 | Cesum-137 LANL ER-130 Modfied | 6.23E+03 | 249E+02 pCils
150810601 | LCS SPIKE 08/26/15 00:00 | 68/25/2015 | 8/28/2015 ; 1508106 |  Cabalt-60 [ANL ER.130 Modified | ©.63E+G3 | 2.19E+02 | 1.04E+03 | 1.456+02 & 1.04E+02 pCils
16.06106:01 |  LCS SPIKE 0B/2615 00:06 | 8/25/2015 | B/28/2015 | 1508106 § Cesium-137 [ANL ER-130 Modified | 5.38E+03 | 1.08E+03 | 1.13E+03 | 135E+02 = 6.64F+01 pCifs
15.08106.02 |  MBL BLANK OBIReHE OO0 | BIaBEO1E | BRAI0E | 15.08106 | Adtinium-228 | LANL ER-130 Medifed | 5.69E+00 | 7.62E+00 | 762E+00 | 136E+01 ©  6.3DE+0D pCils
150810602 |  MBL BLANK 0872615 00:00 | 8/25/2015 | 8/28/2015 | 1508106 |  Beryllum-7 LANUERA130 Modified | 1.58E+01 | 1.52E+01 © 152E+01 | 226E+01 | 1.07E+01 pCils
15-08106-02 MBL BLANK 08/26/15 00:06 | B/25/2015 | 8/28/2015 | 15-08105 Bismuth-214 LANL ER-130 Modified 2.98E+00 5.72E+00 5.72E+00 8.52E+00 3.09E+00 pCiss
15.08106.02 | MBL BLANK OBI26/15 00:00 | 8/25/2015 | 82812015 | 1508106 | Potassiom-40 | LANL ER130 Modified | 243E+00 | 225E+01 | 2.2BE401 | 380E+01 | 1.88E+01 1Cifs
15-08106-02 | MBL BLANK OB126/45 0000 | B25/2015 | Bi26/2015 | 15-08106 | Protactinium-231| LANL ER-130 Modifiec | -3.23E+00 | 4.69E+01 | AGYE+01 | 7.24E+01 . 347E+01 pCils
150810602 | MBL BLANK C8I26/15 00:00 | 8/25/2015 | 8/26/2015 | 15-0B106 Lead-210 LANL ER130 Modified | 2.326+01 @ 209E+01 | 200E+01 | 347E+01 | 1.70E+01 pCils
15.08108-02 |  MBL BLANK 08126115 00:00 | $/25/2015 | 8/28/2015 | 1508106 Lead-214 LANL ER-130 Modified | 4305400 | 3.25E+00 | 326E400 | 5SASE+00D | 2 63C+00 pCils |
15.08106.03 | DUP ENGWESA001 OB/2THE 1612 | 812602015 | 8/28/2015 | 1508106 | Actnium228 | LANL ER-130 Modified ;| 7.58E+00 | SGTE+00 | BGBE+0D | 1.44E401 | 6.65E+00 pCils
16.08108-03  DUP ENGWESAQ01 052715 1612 | 8/26/2015 | 8/28/2015 | 1508106 |  Berylium-7 UANL ER-130 Modified | 2.82E+03 | 3.45E+02 | 347E+02 | 13dE+02 | 6506401 pGils
150810603 | DUP ENGWESAQD1 OB/ZTHE 1612 | 8252015 | B/28/2015 | 15-08106 | Bismuth-214 | LANL ER-130 Modified © 150E+00 | 471E+00 | 47{E+00 | 7.31E+00 | 348E+00 pCiis
15-08106-03 | DUP ENGWESAGOT 0527115 1612 | G/25/2015 | BI26/2015 | {5.08408 | Polassium40 | LANLER130 Modified @ 415E:01 | 3.58E+01 | 350E+01 | B.25E+01 | 2.88E+01 pCils
15-08106-03 | DUP ENGWESACO1 DRI7HE 1642 | BI2B/2015 | /26/2015 | 15.08108 | Protactinum-231] LANL ER430 Modified | 253F401 | 7.57E+01 | 757E+01 @ 113E+02 | 5.48E+0" pGils
150810603 | DUP ENGWESAQ01 05/27/15 16:12 | 8/25/2015 | 8/28/2015 | 15.08106 Lead 210 LANL ER-130 Modifed | 3.70E+07 | G14E+01 | B42E+01 | 7T7IE+01 | 3.81E+01 pCifs
150810603 | DUP ENGWESAD0T 05/27/16 1612 | B/25/2015 | §/28/2015 ; 15-0B106 Lead-214 LANL ER-130 Modfied | 3.46E+00 | AO3E+00 | A403E+00 | 6.3BE+00 | 3056400 pCirs
150810604 ) ENGWESAT0T 0815715 1612 | Bi25/2015 | B31/2015 | 1508106 | Actinum-228 | LANL ER.130 Modified | 7.24E+00 | B873E+00 & &74E+00 | 148F+01 | B.84E+00 pCirs
150810604 | DO ENGWESAQDT 05/27115 16:12 | 8/25/2015 | 6/31/2015 | 1508106 ;  Berylium 7 LANL ER-130 Modified | 2.54E+03 | 281E+02 | 510E+02 | 1.01E+02 | 4B84E+01 pCils
15-08106-04 Do ENGWESAOG1 0572715 16:12 812572015 | 8/31/2018 15-08108 Bismuth-214d LANL ER-130 Modified 8. 47E+00 4 51E+00 4.52E+00 7.65E+00 3.63E+00 pCifs
15-08106.0d Do ENGWESADCT 05727115 1612 | 812512015 | 8/34/2015 | 1508106 | Potassim-40 | LANL ER-130 Modified | 384E+01 | 236E+0M | 2378+01 | 3A43E401 | 132E+07 pCiis
15-08106-04 | DO ENGWESAUCT OEI2TA5 1619 | 82572015 | Bi34/2015 | 15-08108 ] Protactnium 23! | LANL ER-130 Modified | Z88E+00 © 7.57E+01 | F7&7E+QT | 112F+02 |, 5.41E+01 pCiis
15-08106-04 | DO ENGWESACCT O5/27/15 1612 | 8/25/2015 | 8/31/2015 | 1508106 Lead-210 [ANL ER-130 Modified | 378E+02 | 5.66E+01 | S.9BE+01 | 641E+01 | 3.16E+01 pCiis
15.08105-04 Do ENGWESAC01 05727115 1612 | 8/252015 | 8/31/2015 | 15-08108 Lead 214 LANL ER130 Modified | 1.24E+00 | 47T4E<D0 | 474E+00 | 7T.10E+00 | 3.42E+00 pCiis
15.08106.05 | TRG ENGWESAQOZ OB/26/15 080 | GIOBA0M5 | Bi3UZ015 | 15-08106 |  Actnium-328 |  LANL ER.130 Modified ¢ 7.15E+00 | b563E+00 | 5B4Es00 | 9.45E+00 | 4.41E+00 pCiis
15.08106.05 | TRG ENGWESAQDZ 05/26/15 08:30 | 8/25/2015 | 8/34/2015 | 1508106 |  Beryllum-7 LANL ER130 Modfied | 3.82E+03 | 4.03E<02 | 44BE+0Z = 9.24E+01 = A.4BE+01 pCi/s
150810605 | TRG ENGWESAQD2 0572815 08:30 | 825/2015 . 8/31/2015 | 15-08106 | Bismulh214 | LANLER-130 Modified | B82F+00 | 410E+00 | 412E+00 | B.97E+00 | 3.37E+00 pCiis
15-08106.06 | TRG ENGWESA002 UB/28/15 0830 | B/25/2015 | 8/31/2015 | 15-08106 | Potassium40 | LANL ER-130 Modified | 245E+01 @ 1.84E+01 | 195E+01 | A57E+01 | 165E+C1 pCiis
15-08106.05 | TRG ENGWESAQ02 05128175 0830 | 8/25/2015 | 6/31/2015 | 1508108 | Protactiium-231| LANL ER-130 Modified . 400E+01 | 4B4Es01 | 4B4E+01 | 7.69E+01 ~ 3.72E+01 pCils
15.08106.05 | TRG ENGWESAQDZ U5/28/15 08:30 | 8/25/2015 | 8/31/2015 | 15-08108 Lead-210 LANL ERA30 Modified | 402E+02 | 5.30E+01 | S587E+01 | 6.02E+01 | 298E+0T pCils
150810605 | TRG ENGWESAOD? 05/28/15 08:30 | 8/25/2015 | 8/31/2015 | 15.08108 Lead 214 UANL ERA30 Modified | 247E+00 | 2.72E+00 | 2.72E+00 | AGOE+00 & 222E+00 pCifs

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma);MDA=Minimal Detected Activity;LCS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Criginal; CV=Critical Value
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Report Ta: Work Order Details:
Eber"ne Analytical Marsha Joseph SDG: | 15-08106
. . Auxier & Associates, Inc. Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category | ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix: AF
":Dh S;;";:e © 'I‘ém Sgr:t':e RE;‘:;N Ar;;‘t’: = B?Sch Analyte Method Result cu csu MDA v Rj;‘f:
15-08106-06 TRG ENGWESADO3 05/28/15 09:06 B8/25/2015 : 8/31/2018 15-08106 Actinium-228 LANL ER-130 Modified 9.35E+00 6.76E+00 6.7BE+00 1.11E+01 5.23E+00 pCifs
150810606 | IRG ENGWESAND3 05128115 09:C6 | 8/25/2015 | 8/21/2015 | 1508106 |  Berylium7 [ANL ER-130 Modfiod | 3.50E+03 | 3.08E+02 | 437E+02 | 177E+02 | 8.68E+H oGirs
{6.08106.06 | TRG ENGWESA0D2 O05/26/15 0906 | B/25/2015 | B/A/2015 | 1608106 | Bismuth-214 | LANL ER-130 Modiied | 4.75E+00 | S.60E-00 | 561E+00 | 9.35E+00 | 4.55E+00 oCifs
15-081G6-06 TRG ENGWESAD03 05/28/15 09:06 8/25/2015 | 8/31/2018 15-08106 Potassium-40 LANL ER-130 Modified 5.71E+01 2.44E+01 2.46E+01 4.55E+01 2.13E+01 nCifs
15-08106-06 TRG ENGWESAD03 05/28/15 09:.06 8/25/2015 | 8/31/2015 18-08106 © Protactinium-231 [LANL. £R-130 Modified -1.03E+01 6.30E+01 6.30E+01 8.06E+01 3.50E+0D1 pCifs
150810608 | TRG ENGWESACO3 05/28/15 09:06 | B/25/2015 | 6/31/2015 | 15-08106 Lead-210 LANL ER130 Modified | 3.97E+02 | 5885401 | 5.94E401 | B.83E+01 | 3.38E+01 oCifs
16.06106.08 |  TRG ENGWESAQD3 05128115 09:06 | 8/25/2015 | 8/31/2015 | 1508108 Lead-244 LANL ER130 Modiied | 5.46E+00 | 3.74E00 | 3756400 | 542E+00 | 2.62E+00 aClis
15-08106-07 TRG ENGWESAZ04 05/28/15 09:30 8/25/2015 | 8/31/2015 15-08108 Actinium-228 LANL ER-130 Modified 5.09E+00 9.37E+00 9.38E+00 1.61E+01 7 46E+00 pCifs
15-081068-07 TRG ENGWESAQD4 05/28115 09:30 8/25/2015 : 8/31/2015 15-08108 Beryllium-7 LANL ER-130 Medified 231E+03 1.16E+03 1.17E+03 1.54E+02 7. 43E+01 pCifs
150810607 | TRG ENGWESAGGA 05128015 0930 | 8/25/2015 | 8312015 | 15-08108 |  Bismuth-214 | LANL ER-130 Modified | 3.81E+00 | 7.52E+00 | 7.53E+00 | B.54EF00 | 4.05E+00 pCils
150810607 | TRG ENGWESA004 05/28/15 0030 | 8/25/2015 | 8/31/2015 | 15-08106 | Potassium-40 | LANL ER-130 Modified | 1.58E+01 | 2.84E+01 | 284E+01 | 526E+01 | 2.35E+01 oGils
15-08106-07 TRG ENGWESADO4 05/28/15 09:30 8/25/2015 | 8/31/2015 15-08108 ¢ Protactinium-231 LANL ER-13C Modified 1.00E+01 86.37TE+01 6.38E+01 1.19E+02 5 77E+01 pCifs
15-08106-07 TRG ENGWESADGE 05/28/15 09:30 8/25/2015 | 8/31/2015 15-08106 Lead-210 LANL ER-130 Maodified 3.25E+02 4 44E+01 4 74E+01 5.Q7E+O1 249E+01 pCifs
150810607 | TRG ENGWESA004 CH2B/15 09730 | B/25/2045 | 8/31/2015 | 15-08108 |  Lead-214 LANL ER-130 Modified | 2.96E+00 ; AB9E+00 & 459E+C0 | 7.41E+00 | 3.57E+00 pCils
16.08106.08 | TRG ENGWESACDS OGIZTMB 1508 | 8/25/2015 | B/31/2015 | 1508106 |  Achnium-228 |  LANL ER-130 Medified | -2.30E-01 | 1.97E+00 | 4.97E+00 | 7.72E+00 | 3.55E+00 oCirs
15-08106-08 TRG ENGWESAQLS 05/27/15 15:08 B125/2015 | 831/2015 15-08106 Beryllium-7 LANL ER-130 Modified 3.33E+03 3.55E+02 3.84E+02 8.56E+01 4. 1E+01 pCifs
15-08106-08 TRG ENGWESADDS 05/27/15 15:08 Bf25/2015 | 8/31/2015 15-08106 Bismuth-214 LANL ER-130 Modified 4 35E+00 3.28E+00 3.29E+00 5.35E+00 2.56E+00 pCifs
150810608 | TRG ENGWESAQOS 05276 1508 | 8/26/2015 | 8/31/2015 | 1608106 | Potassiun40 | LANL ER-13C Modified | 1.83E+01 | 24BE+01 | 248E+01 | 375E+01 | 1.73E+01 pCils
15-08106-08 TRG ENGWESAQDS (5/27/15 15:08 8/25/2015 | 8/31/2015 1508106 | Protactinium-231 LANL ER-130 Modified -3.81E+01 4 30E+01 4 40E+01 8.78E+01 3.26E+01 pGifs
15-08106-08 TRG ENGWESADOS 0527115 15:08 82512015 © 8/31/12015 1508106 Lead-210 L ANL ER-130 Modified 4.31E+02 5.13E+01 5 58E+(1 4 35E+01 2.14E+01 pCils
15-08106-08 TRG ENGWESAQDS 05/27/15 15:08 8/25/2015 | &/31/2015 15-08106 Lead-214 LANL ER-130 Modified 4 58E+00Q 2 56E+00 2 57E+00 4. 51E+00 2A17E+00 pCils
150810609 | TRG ENGWESAODS 05/27HE 1650 | 8/25/2015 | @/31/2015 | 16-08106 | Actmium228 | LANLER-130 Modified | -1.02E+01 | 110E+01 | t10E+D1 | 1556401 . 7.15E+00 pCifs
15-08106-09 TRG ENGWESAQ06 05/27/15 16:50 8/25/2015 | 8/31/2015 15-681086 Beryllium-7 LANL ER-130 Modified 2.01E+03 1.01E+03 1.01E+03 1.57E+Q2 7.53E+01 pCifs
150810608 | TRG ENGWESA00S 0527115 1650 | 8/25/2015 | /3112015 ¢ 15-08108 | Blsmuth-214 | LANLER-130 Modfied | 192E+00 | 578E+00 | S578E+00 | B32E+00 | 3.94E+00 pCils
15-08106-09 TRG ENGWESAO00S D5/27/15 16:50 B/25/2015 | 8/31/2015 1508106 Potassivm-40 t ANL ER-130 Modified 1.42E+01 2.68E+01 2.68E+01 4 96E+01 2.20E+01 pCifs
15-08108-08 | TRG ENGWESAQ0S O5/37116 16-60 | Bi25/2015 | B/31/2015 | 15.08106 | Protactinium-2311 LANL ER-130 Modified | B.78E+00 | 7.54E+01 | TBH4E+D1 | 1.47E+02 | 5.66E+01 pCis
m?:?r(38106709 TRG ENGWESAQDS 05/27/15 16:50 8/25/2015 § 8/31/2015 15-G8106 Lead-210 LANL ER-130 Modified 2.785+02 4. 26E+01 4 4GE+01 5.26E+01 2.58E+01 pCifs
15-08106-09 TRG ENGWESADS 05/27/15 16:50 8/25/2015 | 8/31/2015 15-08106 Lead-214 LANL ER-130 Modified -1.36E+00 4.62E+00 4.62E+00 7 04E+00 3.38E+00 pCifs

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma};MDA=Minimal Detected Activity;LCS=Labaratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; Cv=Critical Value
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Report To: Work Order Details:
Ebel‘line Analytical Marsha Joseph SDG: 15-08106
] ' Auxier & Associates, Inc. Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category-|  ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix: AF
"Iaﬂb 5;:;‘25 cz:;nz sg*:f:e ReD‘:":‘ep‘ A“S;’t’:‘s B?It;h Analyte Method Result cu csu MDA oV Raport
15.08106-10 | TRG ENGWESADO? 0527116 12:00 | 872502015 | 8/31/2015 | 1508106 | Actinium-228 | LANLER-130 Modified | 7.09E+0C | 6.21E+00 | 622E+00 | 104E+01 | 4 BSE+00 pCils
15.08106-10 | TRG ENGWESAQG7 05/27/15 12:00 | 8/25/2015 | 8/31/2015 | 4508106 |  Berylium-7 LANL ER-130 Modified | 2.485+02 | 2.86E+02 @ 3.13E+02 | 114402 | 553801 pCifs
150810610 | TRG ENGWESA0D7 051275 12.00 | 8/25/2015 . 8/31/2015 | 45-08105 | Bismuth-214 LANL ER-130 Modified | 8.59E+00 | 3.85E+00 | 3.88E+00 @ G.50E+00 | B3A2E+00 pCifs
150810610 | TRG ENGWESAQO7 0527M5 1200 | B/25/2015  8/31/2015 | 15-08106 | Potassium-40 | LANL ER-130 Modified | 5.9BE+01 | 230E+01 | 232E401 | 443E+01 = 2.07E+01 pCils
150610610 | TRG ENGWESAQQ7 OB/ZTHE 12:00 | §/26/2016 | 8/31/2015 | 1508106 | Protactinium-231| LANL ER-130 Modified | -188E+01 | 509E+01 | S599E+01 = 7.69E+01 | 3.68E-07 pCifs
1508106-10 | TRG ENGWESADD7 05/27A5 12:00 | 81252015 | 8/31/2016 | 15-08106 |  Lead 210 LANL ER130 Modified | 2.91E+02 | 374E+01 | A403E+01 | B.29E+01 | 4116401 pCifs
1508106-10 ¢ TRG ENGWESAQO7 052715 12:00 | 8/25/2015 | B/31/2015 : 15-08106 Lead-214 LANL ER-130 Modified | 6.89E+00 | 3.63E+00 | 3.65E+00 | 5.38E+00 | 260E+00 pCifs
15.08106-11 | TRG ENGWESAQ0S 05/27/15 15:38 ¢ 8/25/2015 | 8/31/2015 | 1508906 | Actinium-228 | LANL ER-130 Modified | 6.93E+00 @ B21E+00 @ 627E+00 : 1.07E+01 | 496E+0D pCifs
150810611 | TRG ENGWESAC0S 05/27/1515:38 | 8/25/2015 | 8/31/2015 | 15.08106 | Berylium7 LANL ER-130 Modified | 2.86E+03 | 3.05E+C2 | 330E+02 | 7.68E+01 | 367E+D pCils
150810611 | TRG ENGWESAGOB 05/27/15 1538 | 8/252015 | 8/31/2015 | 15-08106 |  Bismuth-214 LANL ER130 Modified | 2.23E+00 | 340E+00 | 340E+C0 | 543E+00 : 2.48E+00 pCifs
150810611 | TRG ENGWESACOE 0527115 1538 | 812602015 | 83112015 | 16.08106 | Potassium-40 | LANL ER-30 Modified | 1.74E+01 | 287E+01 | 287E+C1 | 429501 | 1.96E+D pGifs
150810611 | TRG ENGWESAQDE 05/2715 1538 | 8/2602015 | 8312015 | 16.08106 | Profactimium-231 | LANL ER-130 Modified | 3.38E+01 | 587E+01 | 5S7E+G1 | BS9E01 | 4.36E+01 pCifs
15.08106-11 | IRG ENGWESACOS 0527115 15:38 | 8252015 | 8/31/2015 | 15-CB106 Lead-210 LANL ER-130 Modtied | 3.765+02 | B500E+01 | 544E+01 | 530E+07 | 261E+01 pCifs
150810611 ¢ TRG ENGWESAJ0B 05/27M5 15:38 | B125/2015 | B/31/2015 | 15-08106 Lead-214 LANL ER-130 Modfied | 4.33E-01 | 3.26E+00 | 3.26E+00 | 4.B3E+00 | 2.32E+00 pClfs
15.08108-12 | TRG ENGWESAD0D 05/2815 10142 | 812602015 | 8/31/2015 | 16-08106 | Actiium-228 | LAML ER-130 Modified | 173E+00 | 6.25E+00 | B6.25E+00 | 0.83E+00 | 4.60E+00 pCifs
15-08106-12 | TRG ENGWESAD09 05/25/15 10:42 | 812502015 | 8/31/2015 | 1508106 |  Berylium-7 LANL ERA30 Modiied | 106E+03 | 132E+02 | 143E+02 | 7.83E+01 | 3.78E+01 pCifs
150810612 | TRG ENGWESAD09 0528115 10:42 | B/25/2015 | B/31/2015 | 15-08106 ; Bismuth-214 LANL ERA%0 Modified | 233E+00 | 3.21E+00 | 321E+00 | 5.07S+00 | 2.42E+00 pCifs
150810612 | TRG ENGWESADOS 05/28/15 10:42 | B/25/2015 | 8/31/2015 | 1508106 | Potassiim-40 | LANL ER-130 Modified | 2.87E+01 | 2.00E+01 | 201E+01 | 371E+01 | 1.72E+01 pCifs
15-08106-12 | TRG ENGWESADCS 05/26/15 10-42 | B25/2015 | &/31/2015 | 1508106 | Protactnium-231| LANL ER-130 Modified | 1.98E+01 | 3.60F+01 . 361E+01 | 6036401 | 2.89E+01 pCirs
150810612 | TRG ENGWESADCS 0B/2B/35 10:42 | 80252015 | 8/31/2015 | 1508106 Lead 210 (ANLER-130 Modified | 2.01E+02 | 329501 | 345E+01 | 3.0BE+01 | 1.96E+01 pCifs
150810612 | TRG ENGWESAQ09 05/28/15 10:42 | §/25/2015 ¢ 8/31/2015 | 15.08108 Lead 214 LANL ER-130 Modified | 2.09E+00  220E+0G | 229E+00 | 397E+00 | 1.90E+00 pCirs
16.08106-13 | TRG ENGWESAQ10 0628115 1106 | 8/25/2015 ¢ 8/31/2015 | 15-08106 | Actnium228 | LANL ERA30 Modified | A48SE<00 | B.64E+00 | 864E+D0 | 1528401 | 6.99E+00 pCls
150810643 | TRG ENGWESAQ10 O5/28M5 11:06 | 8/25/2015 | 8/31/2015 | 45-08106 |  Beryllum-7 LANL ER-130 Modified | 1.73E+03 | B6BE-02 | 873E+02 | 1.43E+02 | 6.89E+01 pCirs
1508106-13 ; TRG ENGWESAQ10 05/28M15 11:06 | 87252015 | 8/3%/2015 | 15-08108 | Bismuth-214 LANL ER-120 Modified | 4.95E+00 | 865E+00 | B65E+00 | B.64E+00 | 4.10E+00 pCifs
15.08106-13 | TRG ENGWESAD10 05/2815 1106 | 82512015 | 8/31/2015 | 15.08106 | Potassium40 | LANL ER-130 Modified | 1765401 | 271E+01 | 271E+01 | 5.82E+01 | 263E+01 pCifs
15.08106-13 | TRG ENGWESA010 05726115 1106 | B/25/2015 | Bi31/2015 | 15.08106 | Protactinum-231| LANL ER-13C Modified : 1.235402 | 7.18E+01 | 7.4BE+01 | 1.19E+02 | B78E+01 pClrs
15.08106-13 | TRG ENGWESAQ10 05/28/15 11:06 | 87252015 | 8/31/2015 | 1508108 Lead-210 LANL ER-130 Modified | 2726402 | 465E+01 | 4.88E-01 | 6.25E+01 | 3.09E+01 pClis
15.0810613 | TRG ENGWESAO10 05/2815 11:06 | 8/25/2015 | 8/31/2015 | 15-08108 Lead-214 LANL ER-130 Modified | 1.44E+00 | 453E00 | 4.53E+00 | 7.19E+00 @ 3.4BE+00 pCifs

L%
by

CU=Gounting Uncertainty:CSU=Combined Standard Uncertainty {2-sigma); MDA=Minimal Detected Activity;LCS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; CvV=Critical Value
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Report To: ] Work Order Details:
. . Auxier & Associates, Inc. _ Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category | ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix. AF
‘"Igb S;;"ppe"’ C'I'S"t S?;;’t': le RE‘;:;“ A"S;‘t’:’s BT;;“ Analyte Method Result cu : csu | mMpa cv T:::
15-08106-14 TRG ENGWESAG11 05/2715 09:10 8/25/2015 | 8/31/2015 15-08108 Actinium-228 LANL ER-130 Modified 9.82£+00 6,86E+00 6.88F+00 1.13E+01 5.30E+00 pCifs
15-08106-14 TRG ENGWESAD11 05727715 09:10 8/25/2015 | 831/2015 15-08106 Beryllium-7 LANL ER-130 Modified 3.14E+03 3.53E+02 3.88E+02 1. 1E+02 5.55E+01 pCifs
15-08106-14 TRG ENGWESAO11 05/27/15 09:10 8/25/2015 : 8/31/2015 15-08106 Bismuth-214 LANL ER-130 Modified 8.03E+00 3.91E+00 ”392&'*00 6.41E+00 3.08E+00 pCifs
150810814 | TRG ENGWESA011 05127715 0910 | 872572015 | B/31/2015 | 1606106 | Potassium40 | LANL ER-130 Modified : 6.92E+01 | 2.67E+01 | 263E+01 | 486E+01 | 2.28E+01 oCifs
15-08106-14 TRG ENGWESA011 05/27/15 09:10 81252015 | 8/31/2015 15-08106 { Protactinium-231 LANL ER-130 Modified 3 71E+00 86.22E6+01 65.22E+01 8.11E+01 3.92+01 oCifs
15-08106-14 | TRG ENGWESAQGT1 CB2TME 0910 | 82512015 | 8/31/2015 | 1508106 Lead-210 LANL ER-130 Modified : 3.58E+02 | 5036401 | 5356+01 | B.0SE+01 | 3.01E401 oCifs
15-08108-14 TRG ENGWESAOH 05/27/15 09:10 8/25/2015 | 8f31/2015 15-08106 Lead-214 LANL IéR.‘] 30 Modified 4. 14E+0D 3.75E+00 3.75E+00 5. Z2BE+00 2.55E+00 pCifs
150610615 | TRG ENGWESAD12 05/27/15 1036 | 8257015 | 8/31/2015 | 1508106 | Actnium-228 | LANL ER-130 Modified | 4.31E-01 | 6.00E+00 | B00E+00 | 9.23E+00 | 4.23E+00 pCils
1508106-15 | TRG ENGWESA012 05/27/15 10-36 | 8i25(2015 | &/a31/2015 | 15-08186 |  Beryilium-7 UANL ER-130 Modified | 2.79E403 | 3.00E+02 | 342E+02 | BB9E+01 | 4.28E+01 pCils
15-08106-15 TRG ENGWESAD12 05/27/1510:36 872512015 ¢ B/31/2015 15-08106 Bismuth-214 {. ANL ER-130 Modifled 1.54E+00 J.37EH0 JIJ7E+00 532E+00 2.52E+00 pCits
15.08106-15 | TRG ENGWESAQ12 05/27/15 10:36 | 8/25/2015 & 8312015 | 1508106 | Potassium40 |} LANL ER-130 Modified | 3.65E+01 | 282E+01 @ 2B3E+01 | 4.40Es01 | 2.02E+01 pCifs
15-08106-15 TRG ENGWESAQ12 05/27/1510:36 8/25/2015 © 8/31/2015 15-08106 { Protactinium-231 LANL. ER-130 Modified 3.84FE+01 4.57E+01 4 53E+01 7.61E+01 3.67E+01 pCifs
15-08106-15 TRG ENGWESAO12 05/2715 10:36 8/25/2015 | 8/31/2015 1508106 Lead-210 L ANL ER-130 Modified 3.84E+C2 4 67E+01 5.07E+01 5.27E+D1 2.60E+01 pCils
15810615 . TRG ENGWESAQ12 05/37/15 1036 | 8/25/2015 . 813172015 | 15-08106 Lead-214 [ANL ER-130 Modfied | 138E-01 | B3ASE+00 : 345E+00 | S.10E+00 | 2ASE+00 pifs
15-08106-16 TRG ENGWESAQTS3 05/2715 11:47 8/25/2015 | 8/3172015 15-08106 Actinium-228 LANL ER-130 Modified 1.35E+01 1.56E+01 1.56E+01 2.57TE+01 1.20E+01 pCls
[ “{5-08106-18 | TRG ENGWESADT3 05/2715 11417 | 8/26/2015 | 8/31/2015 ¢ 15.08108 |  Berylium 7 LANL ER-130 Modified | 6.85E+03 1 7.27E+02 | BUO3E+02 | 2316402 | 1.11E+02 pCils
15-08106-18 | TRG ENGWESADT3 05727115 1117 | 82572015 | B/31/2015 | 15.08106 | Biemuth-214 | LANLER-130 Modffied | ©21E-01 & BBOE+00 & BBOE<00 | 130E+01 | 620E+00 pCifs
15-08106-16 TRG ENGWESAD13 05/27/15 11:17 8252015 ¢ B/31/2015 15-08108 Potassium-40 LANL ER-130 Modified 217E+01 5.54E+01 5.54£+01 8.70E+01 3.96E+01 pCifs
§5-08108-16 TRG ENGWESA013 05/27/15 11:17 8/25/2015 © B/31/2015 15-08106 | Protactinium-231 L ANL ER-130 Modified 8.80E+00 1.16E+02 .“Il.u15E+02 1.89E+02 5 .09E+01 pCifs
15-08106-16 TRG ENGWESAQD13 05/27115 1117 8/25/20156 | B/31/20158 15-08108 Lead-210 LANL ER-130 Modified B.35E+02 1.01E+02 1.09E+02 1.28E+02 6.30E+01 pCifs
15-08106-16 TRG ENGWESAQ13 05/27/15 1117 8/25/2015 ¢ 8/31/2015 15-08106 Lead-214 LANL ER-130 Modified 5.02E+00 6 72E+00 6.73E+00 1.14E+01 547E+00 pCifs

CU=Counting Uncertainty;GSU=Combined Standard Uncertainty {2-sigma);MDA=Minimal Detected Activity;LCS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; Cv=Critical Value
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Reporf To! Work Order Details:
i . Auxier & Associates,Inc. Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category: . ENVIRONMENTAL
Knoxville, TN 37932 Sampie Matrix: AF
L;;;’ S_?)‘;“p’:'e C'I';"t SaD':t‘:E Rgc;;pt A"g;{:'s B?[tfh Analyte Method Resuit cu csy MDA cv le:i(t):
15-08106-02 | MBL BLANK 06726715 0000 | B/25/2016 | 9/8/2015 | 15-08108 |  Actinum-227 EML Th-01 Modified TE3EC1 | 104501 | LOBE-Q1 | BSOE0Z | 14IECH pCils
15-08106-03 |  DUP ENGWESAD0Z 05/28/15 08:30 | B/25/2015 | 9/8/2015 | 15-08108 | Actinium-227 EML Th-01 Modified 435EG1 | A0AE01 | 407EO1 | 376EGT | 2.34E-02 pCils
150810604 | TRG ENGWESAGOT 0B/27/15 1612 | 812502015 | O/82016 | 15-08108 | Actinim 227 |  EML Th-01 Medified 621E-01 | B4BE-01 | 356E01 | 247E61 | 1.93E-02 pCifs
15.08106-05 Do ENGWESAOOZ 05126715 0830 | 8/25/2015 | 9/8/2015 | 15-08106 : Actinium 227 EML Th-01 Modified JO0GE-G1 | 294E01 | 28601 | BA4E-01 | Z.BOE-02 pCils
15.C8106-06 | TRG ENGWESA003 52815 00:08 | 8/25/2015 | 9/8/2015 | 15-08106 | Actinium 227 EML Th-01 Modfied 282E01 | ZOE01 ¢ 204E01 | 198E-01 | 3A1E-D2 pCils
150810607 | TRG ENGWESAOD4 OB/26/15 0930 | 8/25/2015 | 9/8/2015 | 15-08106 |  Actinium-227 £ML Th01 Modified 284E-01 | 200E01 | 20801 | 1B9E01 | 3.01E-03 pCils
15.08106-08 | TRG ENGWESACU5 OSIOTI5 15:08 | 8/25/2015 | G/8/2015 | 1508106 |  Actnium227 EME Th-01 Modified 203601 | 201601 | 204EC1 | AT7E01 | 2.36E02 pCils
15-08106-08 | TRG ENGWESACDS OS/ZTA5 16:50 | 82512015 | /82015 | 1508106 | Actinium 227 EML Th-07 Modified 4.44E-01 | 258E.01 | 284E01 | 223801 | 457502 pCils
15.08106-10 | TRG ENGWESAOG? _ O5/27AE 12:00 | 8252015 | 9/8/2015 | 1508106 | Actinium 227 EML Th-01 Modified 3.26E.01 : 242E01 | 216E.01 | 1.39E.01 | 8.625.00 pCifs
15.08106-11 1 TRG ENGWESAQDS 05/27/15 1538 | Bi252015 | /82015 | 15-08106 |  Actinum 227 EML Th-01 Modified 145601 | 1.396-01 | 140E01 | 1486.01 | 132602 pCils
15.08106-12 | TRG ENGWESADDS 05/28/15 10-42 | 8i25/2015 | O/B/2015 | 15-08106 | Actinium 227 EML Th-0% Modified 143F01 | 1.62E01 | 163E-01 | 226501 | 3.89E02 pCifs
150810613 | TRG ENGWESAO10 052815 1106 | B252015 | 9/8/2015 | 1508106 | Actinium-227 EML Th-01 Modified I83E.01 | 287E.01 | ZEIEO1 | 2.30E01 | 3.66E-03 pClis
15-08106-14 | TRG ENGWESAD11 OS/Z7/15 0910 | 8252015 | 982015 | 1508108 | Actinlum-227 EML Th-01 Modified 279E.01 | 203E.01 | 2.08E-01 1 189E01 | 2.52E-02 pCils
15-08106.15 | TRG ENGWESAQ12 05/27/15 10:36 | 8252015 | 9/8/2015 | 1508106 | Actinium-227 EML Th 01 Modified 508E-02 1 114E01 | 444801 | 221E01 | 452E-02 pCifs
15-08%06-16 | TRG ENGWESAQ13 05/Z7/5 11:47 | 82572015 | 9/8/2015 ; 15.08106 | Actinium-227 EML Th-01 Modified 175601 | 482E-01 | 183E-01 | 180601 | 1.1BE-0Z pCire
15.08106-01 | LCS KNCWN 0B/Z615 00:00 | 8/25/2015 | 9/8/2015 | 15.08106 { Thoriur-230 EML Th-01 Modiied 5936400 | 1.44E-01 PCifs
15.08106-01 | LCS SPIKE 08/26/15 0000 | B/26/2015 | 9/8/2015 | 15-08106 | Thariam-230 EML Th-01 Modiied 89C+00 | 103Er00 | 1.29E+00 | S.22E-02 | 9.30E-02 pCifs
15-08106-02 | MBL BLANK 08126/15 00:00 = 8/25/2015 | 9/8/2045 | 15-08108 | Therium 230 EML Th-c1 Modied E02C02 . 6B2E.02 | B6TE02 | B6BEDZ | 9.08E-02 pCifs
15.08106-03 |  DUP ENGWESA00Z OUBI28/15 0830 82612016 | O/8/2015 | 1508106 | Thorum-230 EML Th-01 Modified BA0E-01 | 582601 | GOSEO1 | AA7EQT | S.03E-01 pCifs
15.08108-04 | TRG ENGWESACT US/27/15 16:42 | 812612045 | 062015 | 16-08108 | Thorium 230 |  EML Th-01 Modified TOIE+00 | 442E-01 | 460E-01 | 184E07 | 246E-01 pCifs
15-08106-05 Do ENGWESAG2 05/28/15 08:30 | 8/25/2015 | 9/8/20%5 | 1508106 | Thorium-230 EML Th-01 Madified T19E400 | 575601 | 5.94E-01 | 3.04E-01 ¢ 36BEO1 pCiis
15-0810606 | TRG ENGWESA0C3 05/26/15 00:06 | 8/25/2015 | 9/8/2015 | 1508106 |  Therium-230 EML Tho1 Modified 121E+00 | 419501 | 445601 | 145E01 ; 1.76E.01 pCifs
150810607 | TRG ENGWESAGC4 GS26/15 09:30 | 8/25/2015 | 9/8/2015 | 15-0B106 | Therium 230 EML Th-01 Modified T3TEHO0 | ABGE-01 | 4ABTE01 1 183E0] | 1.65E-01 pCits
15.06106-08 | TRG ENGWESADS 05275 1508 | 8/25/2015 | 9/8/2015 | 1508106 | Thorium-230 EML Th-01 Madified T57E+00 | 432501 | 459E01 © 145E01 | 1.75E-01 pCits
16-0810609 | TRG ENGWESACDS 05/27/45 16:50 | 82512015 | 8/8/2015 | 1508106 | Thorium-230 £ML Th-01 Medified TA2E+00 | 448501 | 477E-01 | 13EOT | 1.76EC1 pCiis
15-08106-10 | TRG ENGWESAGUT DTG 1200 | B/25/2015 | S/8/2015 | 1508106 | Fhodum-230 |  EML Th.01 Modified 23100 | B4TE01 | 708601 | 163E-01 1 174E01 pCits
15.08106-11 | TRG ENGWESA008 OHZTHE 1538 | 82512045  9/8/2015 | 1508406 | Thorium-230 EML Th-01 Modified 1356400 | 44BE.01 | ATJ6E01 | 1A4E01 | 1.73E-01 pCirs
150810612 | TRG ENGWESAQ09 O5/2815 10:42 | B/25/2015  O/8/2015 | 1508106 | Thorium-230 EML Th-01 Modified 026E-01 | 3.84E01 | A401E01 | 186EC1 | ZL1EO1 pGils
16-0810613 | TRG ENGWESA010 OHZEME 1106 | 6252015 | /812015 | 1508108 1 Thodum-230 |  EML Th-D1 Modified 182E-06 | 505601 | 6.36E-01 | 222801 | 2.D1E01 pCifs
15-08106-14 | TRG ENGWESAOT1 052715 0910 | B/25/2045 | 9/8/20156 | 1508106 | Thorium 230 £ML Th-01 Modified 1B5E<00 | S03E-01 | 538601 | 18501 | 1.87E01 pGifs
160810615 | TRG ENGWESAQ12 05/27/15 10:36 | B/25/2015 | 9/8/20156 | 1508106 | Thorium-230 EML Th-01 Modified 1496200 | 481E-01 | 5.45E-01 | 130E01 | 1.74E-01 pCiis
150810616 | TRG ENGWESA013 DEIZTAE 1147 | 8/25/20%5 | 9/B/2015 | 1508106 | Thorum 230 EML Th-01 Modified 181E+06 | 6.27E-01 | 6.B6E01 ! 285E-01 | 2.39E-01 pGifs

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma); MDA=Minimal Detected Activity;LCS=laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; CV=Critical Value
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. Reporf To: - Work Order Details:
Eberline Analytical Marsha Joseph SDG: 15-08106
. . Auxier & Associates, Inc. Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category. . ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix: AF
'“I?)b S_‘;:‘:;e C‘l’;m SE":{’;e Re;;;pt A':;i:'s E‘?f;h Analyte Method Result cu CcSU MDA cv T;‘::
15.0810601 } LCS KNOWN 0B/26/15 00:00 | 8/25/2015 | 9/8/2015 | 1508106 | Thorum-232 EML Th-01 Madified 479E+00 | 1.72E-01 pCifs
15-08106.01 | LGS SPIKE 08/26/15 00:00 | B/25/2015 | 9/8/2015 | 15-08108 | Thorum-232 EML Th-01 Modified 5A4E+00 | 9.04E-01 | 102E+00 | 1.07E01 @ 2.25E.02 pGifs
150610602 | MBL BLANK 0B/26/15 00.00 | B/25/2045 | 9/8/2015 | 1508106 | Thorum-232 EML Th-01 Modified ZAGED3 | 288002 | 288E-02 | G.OAE-02 | 3.54E-03 pCis
150B106-03 | DUP ENGWESADDZ OB/ZEME 0830 | Bi252016 | 9/812015 | 1508106 | Thorum-232 EML Th-01 Modified 376E01 | 302501 | 3904E-01 | 491E.01 | 8.58E-02 pCifs
TRG ENGWESAD0T 052715 16112 | 8252015 | /82015 | 1508106 | Thorium 232 EML Th-01 Modified 1A7E01 | 1.52E-01 152601 | 2.10E-04 | 182E-02 pCifs
0o ENGWESAOCZ 05/28/15 0830 8/25/2015 | 9/8/2015 | 1508106 |  Thorium-232 EML Th-01 Modried 5OSE.C1 | 3.82E01 | 385E01 | 3.81E01 | 479E.03 oCifs
16-0810608 . TRG ENGWESAQO3 05/26/15 09:06 | B/25/2015 | 9/8/2015 | 15-08106 | Thorium-232 EML Th-01 Modffied I89E-C1 | 223E01 | 225E01 | 127E01 | 7A46E-03 oCifs
150810607 ¢ TRG ENGWESACO4 05/2815 0630+ 81262015 | &/8/2015 | 15-08106 | Thorium-232 EML Th-01 Modffied 83BEC1 @ 200E.01 | 286E01 | A127E-01 | TATE.03 oCifs
1508106.08 | TRG ENGWESATO5 05/27/15 1508 | 812572015 | 9/8/2015 | 1508106 | Thorium 232 EML Th-01 Modified SO00EC1 | Z8E01 | 281E01 | 1B9ED1 | 177E02 5Cifs
15-08106.08 | TRG ENGWESAD0S 05/27/1516:50 | 8/25/2015 @ ©/8/2015 | 1508108 | Thorium-232 EML Th-01 Modified JO7EG1 | 3A5E-01 - 321E01 ¢ {655-01 | 1.83E02 £Cifs
150810610 | TRG ENGWESAD07 TTOBRTHE 1200 | 8252015 | 9/8/2015 | 15-08108 | Therium-232 EML Th-01 Modified 668E.01 | 3.06E.01 : 342801 | 134E01 | T.B6E03 £Cifs
15-08106-14 TRG | ENGWESADDS 05/2715 1538 | 8/25/2015 | 9/8/2015 . 1508108 | Thorium-232 EML Th-01 Modified 3.56E-01 2.42E-01 2 14E-01 1.26E-01 7.36E.03 pCifs
15-08106-12 | TRG ENGWESADC9 0572815 10:42 | 81252016 | O/B2G15 | 16-08106 | Thorium-232 EML Th-01 Medified 305E-01 | 240E01 | 242601 | 3145601 | B.53E-03 pCils
150810813 | TRG ENGWESAQ10 05/28A5 1106 | 8252015 | 9/82015 | 1508106 | Thorium-232 EML Th-01 Modified BEOE-01 | 327601 | 332E01 | 154E01 & 9.07E-03 pCifs
15-08108-14 § TRG ENGWESAD 1 T0S/ZTHE 0910 | B25M015 | 982015 | 1508106 |  Thorium-232 EML Th-01 Modified GOTEDT | 318E01 | 324E01 . 170EC1 | 1.89E-02 pCils
150810615 | TRG ENGWESAD12 C5/27/15 10:36 | 81252015 | 9/82015 | 1508106 | Thorium 232 EML Th-01 Modified 481E01 | 285E01 | 2B9E.01 | 163ECT | 181ED2 oCils
150610616 | TRG ENGWESAQ13 05/27/5 1117 | B/25/2015 | 982015 | 1508106 | Thorium-232 EML Th-01 Modified 742601 | 375801 | 3B0ECT | 1.B4EC1 | 1.08E02 oCifs
150810601 | LGS KNOWN 0B/26/15 00:00 | 87252015 | S/8/2016 | 1508106 | Uraniom 234 EML U-02 Modified 8.05E<00 | 2.90E-01 pCils
150810601 1 L0S SPIKE 0B/26/16 0000 ¢ B/25/2015 | Gi8i2015 | 15.GB106 | Uranium-234 EML U-02 Modified TO9E+00 | {QAE+00 | 148E+00 | TASECZ | 6.955.03 pCi's
15.08106-02 1 MBL BLANK 08/26/15 00:00 | 8/25/2015 | 9/8/2015 | 1508106 | Lranium-234 EML U-02 Madified 29TE02 | AAAEO02 | 444E02 | 722E-02 | 1.08E-02 pCils
15.08106.03 |  DUP ENGWESAD03 05/2815 08:06 | 8/26/2015 | 9/8/2015 | 1508106 | Uranium.234 EML U-02 Modified 254E+00 | G.95E-C1 | 1.01E+0C | A4B9ED1 | 567502 pCifs
150810604 | TRG ENGWESAD01 05/27H5 1612 | 8/25/2015 | 9/8/2015 | 1508106 | Uranium-234 EML U-02 Madified 168E+00 | B580E.C1 | 592E.01 | 1.95E-01 ¢ 1.38E-02 pCifs
150810605 | TRG ENGWESADOZ 052816 08:30 | 8/26/2016 | 9/3/2015 | 1508106 |  Uranium.234 EML U-02 Modified 135E+400 | 447601 | 458501 | 1.63E01 1.58E.02 pCls
15.08106-06 0o ENGWESAT03 0528016 00:06 | 8/26/2016 | 9812015 | 1508106 | Uranium-234 EML U-02 Modified 157E+00 1 7.01E01 | 7ADE01 | 4A5ED1 | 582802 pCifs
150810607 | TRG ENGWESAT04 05/26/15 09:30 © 8/26/2015  9/8/2015 | 1508106 | Uranium-234 EML U-02 Modified T92E+00 ¢ 6.25E-01 | B36E01 | 458501 | 7.44E-02 pois
150810608 : TRG ENGWESACO5 05727H5 1508 | 8/26/2015 | 9/8/2015 | 1508106 | Uranium-234 EML U-02 Mosified 216E+00 | B39E01 | 6.57E-D1 | 1.86E-D1 191E-02 pCifs
150810608 | TRG ENGWESAQDS 05/27/15 16:50 | 8/262015 | 0/8/2015 | 1508106 | Uranium-234 EML U-02 Modified T20E+00 © 4BGE-01 | AG4E01 | 223ED1 ;| 3.19E-02 peifs
150810610 | TRG ENGWESAQO7 052715 1260 | 8/25/2015 | 9/8/2015 | 1508106 | Uranium-234 EML U-62 Modified 187E100 | 5.B4E-01 | BG9E.01 | 241501 | 2.54E.02 pCifs
Y508106-11 | TRG ENGWESACOB 05/27/15 15:38 | 8/25/2015 | 9/8/2015 | 1508106 |  Uranium-234 EML U-02 Modried TA3E+00 | 459E-01 | A4BSEO01 | 242E-01 | 3.45E02 pCifs
50810812 | TRG ENGWESAQ0D 05/28/15 10:42 | 8/252015 | 9/8/2015 | 1508108 | Uranium-234 EML U-02 Modified 158E+00 | 6.03E-01 | 5.165-01 | 27601 |  8.08BE.02 pCifs
15-08106-13 TRG ENGWESAQ10 05/28/15 11:06 | /2512015 | 9/8/2015 ; 15-08106 Uranium-234 EMI. U-02 Modified 2.34E+00 5.49E-01 6.70E-01 215501 3.07E-02 pCifs
15.08106-14 | TRG ENGWESAG11 05/27/15 06:10 | 8/262015 | /82015 | 15-08106 | Uranium 234 EML U-02 Modified 118E+00 | 441E01 | 449501 | 245601 | 4.86E-02 pCifs
150810615 | TRG ENGWESAG1Z 05/27/115 10:36 | 8/25/2015 | 9/8/2075 | 15.08106 | Uranium-234 EML L-02 Modified 157E400 | 54401 | GBSE01 | 4.78E-01 1.27E02 pCirs
o | 150810818 | TRG ENGWESAQ13 0512715 1117 | 8/25/2015 | 9/8/2015 | 15-08106 | Uranium-234 EML U-02 Modiied 748601 | BAE-01 | 545601 5.59E-01 112E.01 pCifs

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty {2-sigma);MDA=Minimal Detected Activity;LCS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; CV=Critical Value
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Report To: Woric Order Detaifs:
E be r“ne Analytical Marsha Joseph SDG: 15-08106
. . Auxier & Associates, Inc. Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category: | ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix: AF
"lgb S;:’p‘:'e Cil‘;“t SaD’:t’:e Rgﬁg” A'B’i‘t’:'s B?gh Analyte Method Result cu £sy MDA ev Tx:?:
15-08108-01 LGS SPIKE 08/26/15 00:00 8/25/2015 9/8/2015 15-08106 Uranium-235 EML U-02 Modified 5.84E-01 216E-01 : 2.20E-01 8.83E-02 6.01E-03 pClis
15-08106-02 MBL BLANK 08/26/15 00:00 8/25/2015 9!8.’2015 15-08106 Uranium-235 EML U-02 Modified 497E-02 8.32F-02 . B.33E-02 9.48E-02 1.17E-02 pCils
150810603 | DUP ENGWESAQD3 O5/28/15 00:06 | 8/25/2015 . 9/8/2015 | 1508106 | Uranium-235 EML U-02 Modified ZO3E.01 | A7TOE01 | A80E-01 | B2TEQ1 | 3.50E.02 pCiis
150810604 | TRE ENGWESAQ0! 05/27M5 1642 82572015 = O/&/2016 | 1508108 | Uranium 235 EML U-02 Madified 2.21E01 | 228E.0t | 220E01 : 241601 | 1.09E02 pCils
160810606 | TRG ENGWESAODZ 05126115 0B:30 | 8/25/2015 | O/6/2015 | 1508106 | Uranium 235 EML U-02 Modified BAOE-02 | 143E01 | 143E.01 ¢ 252601 | 2ASE03 pCifs
150810606 | DO ENGWESAQ03 o 05/26/15 09:06 | 8/25/2015 | O/8/2015 | 1508106 |  Uranium 236 EML U-02 Modified 3ATE0T | 361E01 | 362E-01 | 470501 | 42iE02 pCits
“‘721“‘57081 06-07 TRG ENGWESADQ4 05/28/15 09:30 B/25/2015 | D/8/2015 15-08106 Uranium-235 EML U-02 Modifled 7.83E-02 1.88E-01 1.88E-01 3.94E-01 1.78E-02 pClfs
15-08106-08 TRG ENGWESADDS 05/27/15 15.08 B/25/2015 9/8/2015 15-08106 Uranium-235 EML U-02 Modifled 3.33E-02 1.02E-01 1.02E-01 241-01 1.65E-02 pCifs
150810609 | TRG ENGWESAQ0S 05127115 16:50 | 8/25/2015 | 95872015 | 15.08106 | Uranium 235 EML U-02 Modified 249E02 | SS90z | S.S9E0Z | ZSGEO1 | 2.27E-D2 pCifs
15-68106-10 TRG ENGWESADQ7 05/27/15 12:00 82572015 9/8f2015 15-08106 Uranium-235 EML U-D2 Modified 1.49E-01 1.85E-01 1.85E-01 2.97e-01 2.53E-03 pCils
15-08106-11 TRG ENGWESAQ0S 05/27/15 15:38 Bf2512015 9/812015 15-08106 Uranium-235 EML U-02 Modified 3.34E-01 2.80E-01 2.81E-01 2.92E-01 3.18E-02 pCits
150810612 | TRG ENGWESAG0S 05/28115 1042 | 8/26/2016 | 9/8/2015 | 1508106 |  Uranium-235 EML U-02 Mocified 63SE.02 | 121E-01 | 121601 | 224501 | 198E-02 pCils
15-08106-13 TRG ENGWESAG1D 05/28/15 11:06 8/25/2015 97812015 15-08106 Uranium-235 EML U-02 Modified 2 0D3E-01 2.10E-01 2. 11E-01 2.66E-01 2.82E-02 pCils
15-08106-14 TRG ENGWESAG1T 05/27115 08:10 8/25/2015 9i8f2015 15-08106 Uranium-235 EML U-02 Madified 8.38E-02 1.28E-01 1.28E-01 1.91E-01 8.62E-03 pCils
15.08106-15 | TRG ENGWESAC2 05/27/1510:36 | 8/25/2015 | 9/8/2015 | 15-08108 | Uranlum 235 EML U-02 Modified BISE02 | AASE01 | 149E01 | 252801 | A72E.02 pCils
150810616 | TRG ENGWESAQT3 Q612715 1117 : B/26/2016 | 0/6/2015 | 1506108 | Uranium-235 EML U-02 Modified BEOE-02 | 200E01 | 200E01 : 437601 | 198502 pCits
150810601 | LCS KNOWN 08/2615 0000 B/26/2015 | 0//2015 | 1508106 |  Uranium-238 EML. U-02 Modified 7B5E+00 | 2.82E-01 pCits
15.08106-01 | LGS SPIKE 0B/26115 0000 | B/25/2015 | 9/8/2015 | 1508106 |  Uranium.238 EML U-02 Modified 7O7E+00 | 144E400 | 1ZBE+00 | TAZE-02 | 6.07E-03 pCits
15-08106-02 MBL BLANK 08/26/15 00:00 B/25/2015 /812015 15-08106 Uranium-238 EML U-02 Modifted 8.73E-03 4 83E-02 4 63E-02 1.07E-01 3.35E-02 pCils
15-08106-03 DUP ENGWESACO3 05/28/15 08.06 8i25/2015 9/8/2015 15-08106 Uranium-238 EML U-02 Modified 1.26E+00 6.96E-01 7.02E-01 5.32E-01 8.16E-02 pCils
150810604 | TRG ENGWESACD1 05/27HE 16112 | B/26/2015 | 9/@/2015 | 1508106 | Uranium-238 EML U-02 Modified 143E+00 | 532601 | 542601 | 22301 | 1.90E-02 eClts
15-08106-05 TRG ENGWESAQDZ 05/28M15 08:30 81252015 /812015 15-08106 Uranium-238 EML U-02 Modified 1.48E+00 4.70E-01 4.826-01 1.62E-01 1.38E-02 pGils
15.0810606 | DO ENGWESAQD3 0E/28/15 09'08 | 8/26/2015 | ©/8/2015 | 15-08106 | Urenium 238 EML U-02 Modified 2.22E+00 | B5AE01 | B.69E01 | 538E-01 | 1.305-01 pCiis
15-08106-07 TRG ENGWESAQ04 05/28/15 09:30 Bi25/2015 9782015 15-08106 Uranium-2338 EML U-02 Modified 1.60E+00 7 47E-01 7.56E-01 4.80E-01 B8.29E-02 pCits
15-08106-08 TRG ENGWESAODS 05/2715 15:08 825/2015 9/8/2015 1508106 Uranium-2338 EML U-02 Modified 1.85E+00 5.86E-01 8.01E-01 2.30E-01 3.05E-02 pCifs
150810609 | TRG ENGWESACO6 ) OE/2715 1650 | 8/26/2015 | 9/8/2016 © 165-08706 | Uranium 238 EML U-02 Modfied 1.08E400 | 4.29E-01 | 436E01 | 2O7E-01 | 2.285.02 pCils
15.08106-10 | TRG ENGWESAJOT 08/27H5 12200 | 8/25/2015 | 9/8/2015 | 1508106 |  Uranium-238 EML U-02 Modified 172E+00 | 5.60E01 | 573E01 | 250E01 | 435602 £Cifs
15-08106-11 TRG ENGWESAQDS 05/2715 15:28 8/25/2015 9/8/2015 15081086 Uranium-2338 EML 1-02 Modified 1.96E+00 £.16E-01 6.32E-01 1.78E-01 1.01E-02 pCifs
1508106-12 | TRG ENGWESAC09 05/28/1510:42 | 8252015 | 9/8/2615 | 15-08106 | Uranium-238 EML U-02 Modified 8.89E-01 3.5BE-01 3B4E-01 1.44E-01 8.21E.03 uCifs
1506810613 | TRG ENGWESAG10 05/28/15 1908 8/25/2015 | 9/8/2015 | 1508106 | Uranium-238 EML U-02 Modified 168E+00 | 547E01 | 5S0E-01 | 227E-01 | 3.4SE-02 pCils
15-08106-14 TRG ENGWESAG1T1 05/27M15 08:10 B25/2015 9/8f2015 15-08106 Uranium-238 EML U-02 Modified 1.07TE+0D 4.09E-01 4.16E-01 1.54E-01 B.776-03 pCifs
15-08106-15 TRG ENGWESAD12 05/27/15 10:36 8/25/2015 9/8/2015 15-08106 Uranium-238 EML U-02 Maodifled 1.14E+00 4.55E-01 ; 4.62E-01 1.97E-1 1.016-02 pCifs
15-08106-16 TRG ENGWESA013 05/27115 1147 81252015 9/8/2015 15-08106 Uranium-238 EML U-02 Modified 8.02E-01 5.39E-01 5.42E-01 4.44E-01 491E-02 | pCifs

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma); MDA=Minimal Detected Activity;LCS=Labaratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; Cv=Critical Value

BERIL.INME EBERLINE ANALYTICAL CORPORATION
SERVICES | 601 ScAREORO ROAD OAK RiDGE, TN 37830  865/481-0683 Fax 865/4L83-4L62]
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T QA/0C REVIEWED | CERTIFICATE OF CALIBRATION
| 1/16f45 s 11| ALPHA STANDARD SOLUTION

Radionuclide: U-238NAT Customer: TMA EBERLINE

Half Life: (4.468 £ 0.005) x 10°9 years P.O.No.: QR2778

Catalog No.: 7338 Reference Date: January 1 1995 12:00 PST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8.016 pCi

Contained Radioactivity: (Total U) 297 kBg
Description of Solution

a. Mass of solution: 65.2896 g in a 50 ml flame sealed ampoule

b. Chemical form: Uranyl Nitrate in H20

¢, Carrier content: None

d. Density: Approximately 1.3202 . g/ml @ 20°C.
Radioimpurities Refer to attached technical data sheet
Radioactive Daunghters

Refer to attached technical data sheet

Radionuclide Concentration

(Total U) 0.1228 uCifg.
Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in instrament calibration: +3.0%

b, Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s): +2.0%

d. Total uncertainty at the 99 % confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.

1 eak Test(s)

See reverse side for Leak Test(s) applied to this source.
Notes '

1. Nuclear data were taken from *Table of Radioactive Isotopea”, edited by Virginia §. Shirley, 1936.
2, IPL participates in an NIST measurement assurance program to estsbhish and raaintain implicit traceebility for a number of nuclides,
based on the blind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

g I AUAS

QUATIY CONTROL

22 Dol 1224
Date Signed

ISOTOPE PRODUCTS LABORATORIES
| S 3017 N. San FERNANDO BLvD.
RIS | BurBaNK, CALIFORNTA 91504

PRODUCTS
818-843+7000 Fax 8188436168

LABORATORIES:




MP-009

SERVICES

% QUALITY CONTROL PROGRAM
EEBER L.I ~NE

Rev.8; 11/01/03
Title: Radioactive Reference Stendards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIFMSARY DILUTION RECERTIFICATION

MP 009
CURRENT DATE| - 9/2!2014 0 00
SOLUTION REFERENCE #{1PL479-80 . ooyl ui b SOLUTION #{ v wity=8:,
Pnncl al Radionuc[ide Half Life, Years Half Llfe, Days _
37, 75, T30y 4 ABSER [ 16828412
Radionuclide] 2225297 Reference Date|:: . ~1/1/4995 0:00]
Certified Activity |8, A00}uCi
Certified Concentration| " =0 uCi per gram
| Ampoule /Solution Gross| .. 2"97:6400|Weight, Grams

Empty Ampoulef-: . " 32.5020 Weight, Grams
Solution Net] '~ 65,1380|Weight, Grams

Total Activity in Ampoule| - - 8.0160|uCi .

Chemical Composmon of Standard Soiutlon
Uranyl nitrate in diltte HNO; - R

Dilution Instructions: Dilution Solvent Used [’1 MHNQ, o

- milliliters

Dilute to a volume of|

Certified Total Activity of| -~ 8.0180]|uCi Which Eauals [ - - 1.780E+07|dpm at the date listed above
This activity concentration Is based on the original

And after dilution the activity of this solution is . 1.77955E+04]|dpm/misference date listed abova. All activitics are corrected
to the date and time of analysis by the [aboratory data

processing software.

Expiration Date:|"  July 30, 2015 |

Verified & Approved By l\h q N ;: Date: 9/2/2014 0:00

QC Approval & Zd 1 W‘v ., Date: Q/ﬁ! F/’[ |




Rev.B; 11/01/03

Title: Radicactive Reference Standards Solutions & Records

QUALITY CONTROL PROGRAM
MP-008

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
-SECONDARY DILUTION RECERTIFICATION

NOTES:

MP-009 Date 91212014 0:00
Solution Reference #[IPL479-60 "~ | Solution #|. - d-8a i
Principai Raduonucllde Haif Llfe_ Years Half Llfe Days
R 00 : | 1,832E+12]
Radionuclide of Interest] . 4%4:2%.28 Reference Date |~ 1/1/1895.0:00
Parent Solution Conc.|-1:7796E+04 | dpm/mi
Chemical Compeosition of Standard Solution 7
[Uranly Nitrate in 1M HNO - B
Dilution Instructions: Dilution Bolvent Used [IMHNO; "

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:|-. . ..4.0000{ml
Total Activity:| ' 7.1182E+04 |dpm Final Activity Concentration:] - 7.1182E+01 |dpmiml
Final Volume:|-= " 1000,00 iml

This activity concentration is based on the original
reference date listed above. Al activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Isotopic Distribution as:
L-238 Atom % = 48.236
1235 Afom % = 2.26
1234 Ao % = 49.601
Al values +/- 3.8%

isotopic ratios from manufacturer's data sheet

1238 = 71.482 dprmi X 0.4824% = 34.345 dpm/mi
J-235 = 71,182 dpm/mi X 0.0225 = 1.602 dpr/mi
U238 = 71.162 dpm/mi X 0.48501 = 35.236 dpm/m|

Expiration Date:|  July 30, 2015 |

Verified & Approved By

QC Approval ‘AM Date: 9/3/}4’
Lt L s =) 7177

Date; - 9212014 0:00




gy -

Description

Measurement

Accuracy

Radionuclidic
Purity

Isotapic
Purity

Chemical
Composition

Physical
Data

Remarks

Approved
Signatory

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Technology, QSA.

Trkeert.wps 10/03/00

Principal radionuclide:

Product Description & Measurement Certificate

Product code: UDP16050
Batch Number: 92/232/67

uranium 232 (U-232)
Daughter Nuclide: Th-228
01 March 2000

6.739E+03 becquerels per gram of solution
1.821E-01 microcuries per gram of solution
£.35¢ groms

5.035 millilitres

3.61E+04 becquerels

9.76E-01 microcuries

Reference date;
Radioactive concentration U-232
which is equivalent to
Mass of sobuson
Volume of solution
Total activity of U-232
which is equivalent to

Method of measurement (see reverse of this certificate)

Random uncertainty is: £ 0.7%  Systematic uncertainty: £ 0.5%

Overall uncertainty in the radioactive concentration quoted above:  1.7%
Overall uncertdinty is defined on the reverse of this certificate.

Any radioactive impurities measured are listed below, expressed as percentages
of the activity of the principle radionuclide at the referencs date .

Th-228 and daughter activity removed 2 Feb 2000
U-232 daughters activity will increase with time, By alpha 88% U-232, 12% daughters on 1/3/00

The isotopic composition, expressed as atom per cent at the reference date .

Not measured

Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solution in a flame sealed glass vial.
Thais Tracer solution has been produced "carrier free'.

Recommended half life of uranjum 232; 6.980E+01 vears

Principle energies of aipha emissions (MeV): 5.263 31.7%, 5.320 68.0%

Branching ratio for alpha emission: 100%

Calculated specific activity of uranium 232: 8,167E~+05 Bq per microgram U-232,

For safety information and notes to ensure correct usage by all persons handling this radioactive Tracer |
solution please read the instructions accompanying the package. !

AEA Technology operates a quality management system which has been independently audited and
approved to ISO 90G1.

i

Roger Wiltshire

Project Ref. AE2315




QUALITY CONTROL PROGRAM
EBERLINE MP-009

Reav.8; 11/01/03
Title: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE| -~ 11/11!2014'0:00

SOLUTION REFERENCE # AEA/Amersham 92/232/67. 3]  SOLUTION ##|: U-10 0
Principal Radionuclide Half Llfe Years Half Llfe. Days
ARy ) [ 2.630E+04)
Radionuclide}: % Reference Date{ . - 3/1/2000:0:00]
Certified Activity{ -9 1{pCi
Certified Concentration|. .. =7 = 2 1nCi per gram
Ampoule ISolution Gross|.. - [Weight, Grams
Empty Ampoule]. i 1Weight, Grams
Solution Net| = = - |Weight, Grams
Total Activity in Ampoule S 0,9760 pCi
Chemical Gomposttion of Standar So tlon
FPUNO;)s IN2ZM HND;
Dilution Instructions: Dilution Solvent Used [2MHNOg - i i

Dilute to a volume of| - 1000.00: 2 | milliliters

Certified Total Activity of|- - 0.97601uCi Which Equals |  .2.167E+06|dpm at the date listed above

. e This activity concentration is based on the original

And after dilution the activity of this solution is| 2,167E+03|dpm/ml  reference date listed above, Al activities are correctad
to the date and time of analysis by the laboratory data
processing software,

Expiration Date:| November 4, 2015 |

Verified & Approved BM »E Date: _ 11/11/2014 0:00

QC Approval < M Date: It !f SI/JLZL

MLV VA s




QUALITY CONTROL PROGRAM

MP-009

Rev.8; 11/01/03
Title: Radlioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date| - 11/1 1!2014'0:00
Solution Reference #{AEA/Amersham 92/232/67-- | Solution #[. - .0 U-10g" 57000
Pr:nt:I ‘al Radiunucirde Half Llfe, Years I-ialf Lli‘e, Days
. [ - 2630E+04}
Radionuclide of interes Reference Date| - - 3/1/2000'0:00]
Parent Solution Conc. =Jdpmiml
Chemical Composmon of Standard Solut;on
PZ0(NG,)s in 2M ANO; 58 SRR
Dilution Instructions: _ Dilution Soivent Used [2MHNO;

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:[ 7= -10:0000{mi
Total Activity:] - 2.1870E+04|dpm Final Activity Concentration] " 216T0E+G1{dpmiml
Final Volume;|: <. ~1000.00]mi
This activity concentration is based on the original
NOTES: reference date listed above, All activities are

corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:] November 4, 2015 |

Date: 11711712014 ¢:00

Date; i\l |5/}~{’
[ 7




CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-232 Customer: TMA EBERLINE

Half Life: . (1.4054 0.006) x 10°10 years ~ P.O.No.:, VH1632

Catalog No. P 7232 . Reference Date: - November 1 1993 12:00 PST.
Source No.: 435-104-2 Contained Radioactivity: = (Th-232) 0.0933 i,

Contained Radicactivity: (Th-232) 3.45  xBq.
Description of Solution ' o

a. Mass of solution: 11.9712 g (in a 10 ml flame sealed ampoule)

b. Chemical form: Th(NO3)4 in water '

¢, Carrier content; , .. Noue added ‘

d. Density: L Approx. 1,21 , ghml @ 20°C.
Radioimpurities S : None detected (other than daughters), '
Radioactive Daughters

Ra-228, Ac;228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Po-212, TI-208 .

Radionuclide Concentration

(Th-232) 0.00779 | L e

Method of Calibration
Activity calculations are based npon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +3.0%

b. Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s):: ' B +2.0%

d. Tdtél uncertainty at the 99% confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s) o

See reverse side for Leak Test(s) applied to this source.
Notes '

1. Nuclear data were taken from *Table of Radioactive Isotopes”, edited by Virginia S, Shiricy, 1986.
2. TPL. participates in an NIST measurement assurance program (o establish and maintain implicit traceability for a mamber of nuclides,
based on the blind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

At 2% W
QUALITY CONTROL

ANev. %, [99%
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street

Burbank, California $1504

(818) 843 - 7000




QUALITY CONTROL PROGRAM
EBERLINE MP-003

Rev.8; 1/10/03
Tite; Radioactive Reference Standards Sclutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE;|
SOLUTION #

SOLUTION REFERENCE #{IPL435:

Principal Radionuclide Half Life, Years Half Llfe, Days
2 [0 s 42E+42]

Radionuclide Reference Date|
Certified Activity 11 Cl
Certified Concentration] Gl per gram
Ampoule /Solufion Gross 5|Weight, Grams
Empty Ampoule BlWeight, Grams

Solution Net

11:9118|Weight, Grams
Total Activity in Ampoule]...-

uCi

_Chemicai Composition of Standard S_p!uﬁgn_ _

Dilution Instructions:

Dilution Solvent Used 11%:NitricAG

Dilute to a volume of

milliliters

Certified Total Activity of} .

-:0.0933|uCl

Which Eauals | 2.071E+05{dpm at the date listed above

. And after dilution the activity of this solution is}:2.07

roonry This activity concentration is based on the original
1E+02{dpm/ml reference date listed above. All activities are correctad
fo the date and time of analysis by the laboratory data
processing software,

Expiration Date:[ . August:28,2015 |

Verified & Approved By m Date: 9/2/2014 0,00

Q¢ Approval ﬂ&w Date: ‘?/}’I / ‘!’




@zﬁ_ﬁ sy e | QUALITY CONTROL PROGRAM

Rev.8; 1/10/03
Title: Radigactive Reference Standards Sofutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-005- Date} T of22014.6:00 |
Solution Referenc L4351 A | Solution # __'T“ﬁ%b i
Princi al. Radmnucllde Half Life, Days
; h [ 5132E+12]
Radionuclide of Interest} 32522 - Reference Date| . .11/1/1993.0:00|
Parent Solution Conc.|:'2.07E+02 " {dpm/ml

Chemical Composition of Standard Solution _
Th{NO,). in 1% HNOy: T

Dilution instructions: Dilution Solvent Used |19% Nitric Agid . i

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:] - .500.0000 |m}

Total Activity:l~ 1.0355E+05 |dpm Final Actlvity Concentration:| ~ .~ 1.0355E+02 |dpmim|
Final Volume: |- = %:21000:00 | ml

This activity cencentration is based on the original
NOTES: ' reference date listed above. All activifies are
corrected fo the date and time of analysis hy the
taboratory data processing software.

Expiration Date:l Aug_;;lstzs, 2015 |

Verified & Approved B;'R Date: 0/2/2014 0:00

QC Approval _¢ = L4 E%V’— Date: 0;/5}///5[

! \ S

|
-




QA/QC REVIEW

LPHA STANDARD SOLUTION® (4%

i)
Date 5" Initials A “ 5%‘3@%@%\:&@
" Radionuclide Th-230 Customer: TMA EBERL % g B
Half Life:  (7.54 + 0.03) x 104 years P.0.No.: TT4944 %&
Catalog No.: 7230 Reference Date: November 1 1991 15.09 psT.
Source No.: 388-116 Contained Radioactivity: 1.036 -
Description of Solution .
a. Mass of solution: 5.0042
b. Chemical form: Th(NO3)4 in 0.IN HNO3 g
¢. Carrier content: None added
d. Density: 1.0016 gramiml @ 20°C.,
Radioimpurities
See attached technical data sheet
Radioactive Daughters
See attached technical data sheet
Radionuclide Concentration
0.207 4Cilgram.

Method of Calibration
Weighed aliquots of the solution were assayed using a liquid scintiliation counter,

Uncertainty of Measurement -
a. Systematic uncertainty in instrament calibration: +2.0%

b. Random uncertainty in assay: : +0.5%
¢. Random uncertainty in weighing(s): +0.2%
d. Total uncerlainty at the 99% confidence level: +2.7%

NIST Traceability
This calibration is implicitly traceable to the National Institute of Siandards and Technology.
Notes
1. Nuciear data were taken from "Table of Isotopes™, Seventh Edition, edited by Virginia S. Shidey.
2. IPL participates in an NIST measurement assurance program to establish and maintain implicit
traceability for a number of nuclides, based on the blind assay(and later NIST certification) of
Standard Reference Materials. (As in NRC Regulatory Guide 4.15)

ISOTOPE PRODUCTS LABORATORIES
1800 No. Keystone Street.,

Burbank, Califernia 91504

(818) 843 - 7060
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TTRERVIGES MP-G09

% | 'QUALITY CONTROL PROGRAM

Rev.14; 10/10/2012
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009
CURRENT DATE| = ‘4f1 5!2015'0:00
SOLUTION REFERENCE #{IPL 388-116 .-~ . =] SOLUTION #] CTh-1

Prmm al Radionuclide Ha]_f I_.ife, Y_e_ars Half Life, Days

L 2:754E+07]
Radionuclide| *“Thorium Reference Date|': . 11/1/1991:0:00]
Certified Activity| ~1.036E+00{uCi
Certified Concentration| =~ - U |uCi per gram
Ampoule /Solution Gross| . 9.2660|Weight, Grams
Empty Ampoule} - . 4.6218|Weight, Grams
Solution Net| - .~ 4.6442|Weight, Grams
Total Activity in Ampoule| - = 1.0360|uCi
Chemlcal Composition of Standard Solution .
[“Th(NO3)s in 0:1N'HNO; - ol
Dilution Instructions: Dilution Solvent Used |0.’1.N--HN,Q§'{ RIS A
Dilute to a volume of| = 1000.60 ' jmilliliters
Certified Total Activity of | -~ 1.0360|uCi Which Equals |-~ 2.300E+06/dpm at the date listed above

- This activity concentration is based on the original
And after dilution the activity of this solution is{ 2.300E+03|dpm/ml reference date listed above. All activities are corrected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date:| February 12, 2016 |

Recertified By /\‘Q Date: 4/18/20115 0:00

Qc Approval Céjﬂﬁ /l W Date: "f/ (SIA >




%E QUALITY CONTROL PROGRAM
b = SE ‘m. ES MP-008

Rev.14; 10/10/2012
Title: Radloaciive Reference Standards Solutlons & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date 4!15!201 5 0 00
Solution Reference #[IPL388-416" - -~ | Solution #| “Th-1b
Principal Radionuclide Haif Life, Years Half Life, Days
T [ 2754E+07]

Reference Date| . -11/411991 0:00}

Parent Solution Conc. 2 30E+03 - {dpmiml

Chemical Composmon of Starldard Solutlon .
FETh(NOg), In 0. AN HNO, " 1o o e o |

Dilution Instructions: Dilution Solvent Used ‘ IQ.iN;HNO:;'-‘._-‘_’ R ]

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Sofution:| -~ * 10.0000 |m¢#
Total Activity:| -2.2899E+04 |dpm Finat Activity Concentration: - 2.2999E+01|dpm/ml
Final Volume:| = 1000.00{ml

This activity concentration is based on the original

NOTES: reference date listed above. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:[ February 12, 2076 |

Recemfecj\/\g\ _ Date: 4/16/2015 0,00
QC Approval A@W? Date: 4’/5’/5
{7




. —
& |sotope Products
' Laboratories

An Eckert & Ziegler Company

24937 Avenue Tibbitts
Valencia, California 91355

Tel 661+309-1010
Fax 661+257+8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-229

Half-life: 7340 £ 160 years
Catalog No.: 7229

Source No.: 867-54

Physical Description:
A. Mass of solution:
B. Chemical form:
C. Carrier content:
. Density:

Th{NO;),

Radioimpurities:
None detected (daughters in equilibrium)
0.2020

Radionuclide Concentration:

Method of Calibration:

Customer: EBERLINE SERVICES
P.O. No.: 00009633

Reference Date: 15-Jan-02 12:00 PST
Contained Radiozctivity: 1.013 pCi 37.48

{Th-229 only)

5.0147 gin 5 mL flame-sealed ampoule

in 0.1M HNO,

10pg Th/mL
1.0016 gimL @ 20°C.

uCivg, 7.474 kBqgfg

This source was prepared from a weighed aliquot of solution whose activity in pCifg was determined

using gamma ray spectrometry.
Peak energy used for integration:
Branching ratio used:

Uncertainty of Measurement:
A. Type A (random) uncertainty:
B. Type B (systematic) uncertainty:
C. Uncertainty in aliguot weighing:

D. Total uncertainty at the 99% confidence leve::

Notes:

193.5 keV
0.0441 gammas per decay

0.7 %
30 %
0.0 %
31 %

H H i+

- See reverse side for leak test(s) performed on this source.
- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification)} of Standard Reference

Materials (As in NRC Regulatory Guide 4.15),
- Nuclear data was taken from IAEA Technical Report Series No. 261.

- This solution has a working life of 5 years.

ﬂ,\ﬂ. U Ly b

9- Tam-02.

Quality Control

Date Signed IPL Ref, No.;

7h-18

kBq

867-54

Medical Imaging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355

150 9001 CERTIFIED

Industrial Gauging Laboratory
1800 North Keystone Street  Burbank, Californfa 91504 !




EBERLINE MP-009

ERVICES

@z QUALITY CONTROL PROGRAM

Rev.8; 1110/03
Title: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009
CURRENT DATE| . - 9/2/2014-0:00
SOLUTION REFERENCE #|iPL'867-54 -~ = : ot  SOLUTION #| = o . Th48 5 -
Half Life,_Years Half Life, Days

|Principal Radionuciide

I 2.881E+08]

Radionuclide]: Reference Date| -
Certified Activity

Certified Concentration] .=

i +4/15/2002.0:00}
|uCi :
- "|uCi per gram

Ampoule /Solution Gross| - -.-§,7752|Weight, Grams
Empty Ampoule] - --"3.7581|Weight, Grams
Solution Net] "~ '5.0161|Weight, Grams

Total Activity in Ampoule] - 1.0130|uCi

Chemu_:al Qor_nposition of Standard Solution

Dilution Instructions: Dilution Solvent Used 04 MEHNOg o 7

i ribliliters

Dilute to a volume of| ..

Certified Total Activity of} - -~ 1.0130juCi Which Equals | 7 -2.249E+06|dpm at the date listed above

This activity concentration is based on the original
And after dilution the activi‘ty of this solution is| 2.249E+03 dpmfml reference date listed above. Al activities are corrected
‘ to the date and time of analysis by the laboratory data
processing software.

Expiration Date:| August 28,2015 |

[\\ . Date: 9/2/2014 0:00

IDate:' q/}l (L{
71

Verified & Approved By

QC Approval




%@ ERLINE QUALITY ch!i-ngL PROGRAM

Rev.7; d29/09
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - DAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

: MP-009 Date .. 9/2/2014 6.00
Solution Reference #[IPL867-64 7 ] Solution #| - Th-18a. 1 =~
Principat Radionuclide Hailf Li_fq Years Half Life, Days

T | 3108x03 o 2001E200
Radioniclids of Intsrest] > 2T Referance Date[ .. 111512002 0:00]
Parent Sojution Conc.|. 2. 25E+03 - "[dpny/ml :

Chemical Composition of Standard Solution
[FPHI(NGy), i 0. 1M HNOs. -

o

Dilution Instructions: Dilution Solvent Used [CIMFNO;. -

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solytion:} " +--10:0000|ml
Total Activity:| - 2.2400E+04 |dpm Final Activity Concentration:| - 2.2400E+01 |dpm/m|
Final Volume:}. "+ *1000.00{mi
This activity concentration is based on the original
NOTES: reference date listed above. All activities are

corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:| August 28, 2015 |

—

Verified & Approved By b"\. "’\-g\\ Date: 9/2/2014 0:00

QC Approval ¢+ ‘

Date: | ?/3/’5‘(
{1/




-— ‘AR GO0ULCD WYY

1380 Seaboard Industrial Btvd.

— H anta, Georgia
@ Eckert &Ziegler pivbeebetid
Fax 404+352«2837
Analytics www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source (G AF -1

98505 LPGAF -1

47 mun Diameter Simulated Filter in Falcon Petri

Customer: [Eberline Analytical Corporation
P.O.No.:  OR-1408030,Item 8 Product Code: 8401-GF-FP

Reference Date: 01-O¢t-2014 12:00 PM EST Grams of Mastex Source: 0.0016721

This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Additional radionuclides were added gravimetrically from solutions calibrated by
gamma-ray spectrometry, ionization chamber, or liquid scintillation counting. Calibration and purity were
checked using a germanium gamma spectrometer system. At the time of ¢alibration no interfering gamma-
ray emitting impurities were detected. The gamma-ray emission rates for the most intense gamma-ray lines
are given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and
Technology through a Measurements Assurance Program as described in USNRC Regulatory Guide 4.18,
Revision 2, July 2007, and compliance with ANSI N42.22-1985, "Traceability of Radioactive Sources to NIST."
EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditation requirements. Customers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, Mclean,
VA 22101.

: Master Uncertainty* , %
Gamma-Ray  Half-life, Source* This Scurce Type Calibration
Nuclide Energy (keV) Days yps/gram Yps uy U U Method*
Am-241 59.9 1.580E+05 1.942E+02 0.1 1.8 3.6 an LS
Cda-10¢ 88.0 4,614E+02 1,663E+08 2.181E+07 05 2.0 4.1 HPGe
Co-57 122.1 2.717TE+02 8.913E+04 1.490E+02 04 17 35 HPGe
Ce-139 165.9 1.376E+02 1.241E+05  2.07BE+02 04 17 38 HPGe
Hg-203 279.2 4.659E+01 2.875E+08  4.4I3E+02 03 1.7 35 HPGe
Sn-113 391.7 1.181E+02 1.796E+05  3.004E+02 04 19 3.9 HPGe
Cs-137 861.7 1.099E+04 1.111E+0B 1.857E+02 0.7 18 490 HPGe
.Y-88 898.0 1.066E+02 4.223E+056 71.061E+02 0.7 17 3.7 HPGe
Co-60 1173.2 1.928E+03 2.021E+08 3.427E+02 07 1.8 3.2 HPGe
Co-60 1332.5 1.925E-+03 2.094E+08  3.502E+02 07 18 39 HPGe
Y-88 1836.1 1,066E+02 4.4T1E+08  7.478E+02 07 171 8.1 HPFGe

* Master Source xefers to Analytics' 3-isotope mixture which is calibrated guarterly.

Calibration Methods: 47 LS - 4 pi Liquid Scintillation Counting, HFGe - High Purity Germanium Gamma-Ray Spectrometes, IC -
Iomization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2, Bee NIST Technical Note 1297, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results.”
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SECTION VI

QUALITY CONTROL SAMPLE RESULTS SUMMARY




Eberline Services Printed: 9/8/2015 12:14 PM
Analysis Control Chart Page 1 of 2

WO ! Analysis . Run Activity Units Aliquot Units Client Name

15-08106 Uuiso 1 pCVi | s Auxier & Associates, Inc.

Laboratory Control Sample

Analyte LCS csu LCS Uncert. Known Known Result : csu Standard Standard Standard Standard

Measured Measured Expected Expected Error 3] ACT (dpm} Erroy Added (g}

u-234 88.06% 16.32% 100.00% 3.60% | 8.05E+00 | 2.90E-01 7.09E+00 | 1.16E+00 U-8a 3.52E+01 | 3.B0E+00 | 5.07E-01
1)-238 101.54% 16.04% 100.00% 3.60% 7.85E+00 | 2.82E-01 7.97E+00 | 1.28E+00 U-8a 3.44E+01 | 3.60E+00 | 5.07E-01

Matrix Spike

Anal Normalized MS Actual Expected Expected Actual 5 Actual Sémpfe Sample Sample Standard Standard ‘ Standard Standard
alyte Difference % Rec M3 Resulf MS Uncert MS Resuit MSs CSU Result Ccsu Aliquot D ACT (dpm} Error % Added (g)
Replicate Sample QC Summary
| Naormalized Originat Qriginal Replicate Replicate LCS Relaiive a | o

Analyte Difference RPD Result sy Resuit csu Bias LCS% R ! MS %R MS ND Rep RPD Rep ND
U-234 1.85 47.48 1.57E+00 | 7.10E-D1 2.54E+00 | 1.01E+00 0.88 oK NA OK
U-238 1.69 5526 | 2.22E+00 : 8.6%9E-01 ; 1.26E+00 A 7.02E-01 1.02 OK : NA OK
U-235 0.09 7.75 3.17E-01 3.62E-01 2.92E-01 3.80E-01 OK NA OK

Version




Eberiine Services

Printed: 9/8/2015 12:14 PM

Analysis Control Chart Page 2 of 2
WG o Analysis Run Activity Units Aliguot Units __Client Name
15-08106 UUuISO 1 pCi s Auxier & Associates, Inc.
LCS % Recovery Replicate Sample RPD
430,00
___________ 40,00 -
120.00 J.
36.00 — e — — — e mm EE— T — — — ——— i m—
116.00 - _ 30,00
$00.00 - 25.00
90.00 20.00
+
15.00 4
80.00
___________ 10.00 4
70.00
U-234 U238 5.00 1
- Lower Error 68.14 81.90 .00
- Upper Error 107.98 12147 U-234 U-238 U-235
* %R 8806 101.54 ~ LowarEmer 5742 67.74 12,45
— —ICL s [E] —  UpperEnor 37.53 e 378 308
Mean 100 100 e RPD 47.48 T 5526 7.75
— —UCL 125 125 E—— 35 35 ” 35
Normalized Difference
550 1 No Matrix Spike
3.00
2.50
2.00
1.50
1.00
.50
0.00
LCS NB REP ND MS ND
— 234 0.00 1.65 0.00 -
[— U_égg 000 169 C.c0
— 0.00 ..oog 0.00
o JCL 3 3 3

Versien




Eberline Services Printed: 9/8/2015 3:20 PM

Analysis Control Chart Page 1 of 2
WO Analysis Run Activity Units Aliquot Units Client Name
15-08106 ThISO 1 pCi s Auxier & Associates, Inc.
Laboratory Control Sample
LCS csu LCS Uncert. Known Standard Standard Standard Standard
Analyte Measured Measured Expected Expected Known Error Result csuy [} ACT (dpm} Error Added (g}
TH-228 114.72% 19.04% 100.00% 3.60% 4.79E+00 1.72E-01 5.50E+00 | 1.05E+00 Th-8b 1.04E+02 | 3.60E+00 1.03E-01
TH-230 119.75% 20.28% 100.00% 2.70% 5.33E+00 1.44E-01 6.39E+00 | 1.29E+00 Th-1b 2.35E+01 2.7T0E+00 5.03E-01
TH-232 113.50% | 18.77% 100.00% 3.60% 4.78E+00 1.72E-01 5.44E+00 | 1.02E+00 Th-8b 1.04E+02 | 3.60E+00 1.03E-01
Matrix Spike
Anal Normalized MS Actual Expected Expected Actual Actual Sample Sample Sampfle Standard Standard Standard Standard
nalyte Difference % Rec MS Result MS Uncert MS Result MS csu Result csu Aliquot D ACT {dpm) Error % Added (g}
Replicate Sample QC Summary
Analyte Normatized  gpp Original Ortginal Replicate Replicate | £C3 ;:’; wve| jesur MS %R MS ND Rep RPD Rep ND
TH-228 0.34 19.99 5.26E-01 4.31E-01 6.43E-01 5.19E-01 1.15 OK OK oK
TH-230 0.60 24,33 1.19E+00 5.94E-01 9.30E-01 6.03E-01 1.20 O_K OK OK
TH-232 0.47 29.86 5.08E-01 3.85E-01 3.76E-01 3.93E-01 1.14 OK NA OK

Version




Eberline Services

Printed: 9/8/2015 3:20 PM

Analysis Contro] Chart Page 2 of 2
WO Analysis Run Activity Units Aliquot Units
15-08106 ThiSO 1 pCi s Auxier & Associates, Inc.
LCS % Recovery Replicate Sample RPD
130.00 L
- - - - T == ucL 40.00
120.00 4
35.00 4 — — — — — — — — — e weree e mm— o
110.00 4
30.00 4
100.00 4 J. J. 25.00 1+
90,00 - = 20.00
15,00
80.00 4
— O — R e el m— — — — — — - LCL 10.00 <
70.00
TH-228 TH-230 TH-232 5.00 4

—  Lower Enror 52.08 98.77 8113 -

— Upger Enor 137.36 14272 3587 ’ TH228 TH-230 TH-232
e %R 114.72 119.75 113 50 —  LowerError 28.11 3720 42.98
S ——y 75 75 75 —  Upper Ermor T1.87 G 16.73
: Mean 160 100 100 e RPD 19.99 2433 29.86
— e 26 125 125 [—y 35 35 35

Normalized Difference

3.50 No Matrix Spike

3.00

250 1 -

200 —

4,50

1.00

0.50 ] -

0.00 -

LCS ND REP ND MS ND

— TH 228 goo ~ bsu4 0.00
———TH-230 goo T e 0.00
— 0] 3 3 3

Version




Eberline Services Printed: 9/1/2015 8:20 AM
Analysis Control Chart Page 1 of 2

WO Analysis Run Activity Units Aliguot Units Client Name

15-08106 Gamma 1 pCi s Auxier & Associates, Inc.

Laboratory Control Sample
] ] :
l L.CS csuy LCS i Uncert. Known Standard Standard Standard Standard
Analyte | Measured Measured Expected | Expected Known Error Resuit csu 1o} ACT (dpm} Error Added (g)
CO-60 97.04% 10.92% 100.00% 4.00% 9.82E+03 | 3.93E+02 | 9.53E+03 | 1.04E+03 GAF-13 | 9.82E+03 | 3.93E+02 | 1.00E+00
8137 1 102.31% 17.74% 100.00% 4.00% 6.23E+03 | 2.49E+02 '| 6.3BE+03 | 1.13E+03 GAF-13 | 6.23E+03 | 2.49E+02 | 1.00E+00
Matrix Spike
Anat Normalized M5 Actual Expected Expected Actual Actual Sample Sample Sample Standard Standard Standard Standard
nalyte Difference % Rec MS Resuft MS Uncert MS Result MS CSU Result csu Aliguot iD ACT (dpmy Etror % Added (g)
Replicate Sample QC Summary
Analyte Normalized RPD Originat Originel Replicate | Replicate | LCS ;.aefﬁ Vel ICS%R MS %R MS ND Rep RFD Rep ND
BE-7 1.20 10.62 2.54E+03 | 3.10E+02 | 2.82E+03 | 3.47E+02 0.97 OK <CS-137 BE-7> NA
K-40 0.10 5.19 3.94E+01 | 2.37TE+01 | 4.158E+01 | 3.58E+01 1.02 OK <CO-60 K-40> NA OK
PB-210 0.17 2.08 3.78E+02 | 5.98E+01 | 3.70E+02 | 6.42E+M1 PB-210> NA OK

Version




Eberline Services

Printed: 8/1/2015 8:20 AM

Analysis Control Chart Page 2 of 2
WO Analysis Run Activity Units | Aliquot Units Client Name
- H ! E =
15-08106 Gamma 1 pCi s Auxier & Associates, Inc.
i :
LCS % Recovery Replicate Sample RPD
130,00
——————————— T 40.00
12000
35,00 + —— — — — — M — T Tr— f— — — — —
110.00 T .
100,00 + + 25.00 4
f 20.00 +
80,00
J_ 15.00
BC.O0 -
___________ 10.00 A g
o C0-60 ©8-137 500 1 E
-
—  Lowar Error 8212 80,58 oo
—  UpperErmor 111.85 124.05 BE-7 K-40 PB-210
* %R ’ 97 04 10231 —  Lower Emar R 710 225 _
— —icL 75 75 —  Upper Emer 5.57 327 7.9
Mean 100 100 . 10.62 519 2.08
— —uocL 1 125 126 M —— s 35 35
Normalized Difference
350 No Matrix Spike
B.00 e
2.50
2.00 —
1.50
1.90 -
.50 —
0.00
LCS ND REP ND MS ND
| — 0350 c.00 120 0.00 ]
! 8137 oo 010 0.00
v — 0.00 000 0o
et | — ¢ 3 3 3
f&;g UcL

Version




SECTION VII

LABORATORY TECHNICIAN'S NOTES
& RUN LOGS




ISO UNOTES




Printed: 9/3/2015 7:22 AM Page 1of 1

Oak R[dge Laboratory Internal Work Order 1 5_081 06
=) EBERLINE 601 Scarboro Rd. i . .
(7 SERVICES Qak Ridge, TN 37830 Analysis Cod
Work Order Analvsis Notes Voice: 865.481.0683 A B Uuiso
Y www.eberlineservices.com Run Number 1
# Date Dept User Notes
14 09/03/1507:22 PREP JWOLFE DISSOLVED SAMPLES WITH HF AND DRIED SAMPLES DOWN- DIGESTED WITH MIXED ACIDS AND
' TOOK SAMPLES TO DRYNESS- REDISSOLVED SAMPLES WITH HNO3 AND WATER AND

CENTRIFUGED- DILUTED- ALIGUOTED FROM DILUTIONS AND ADDED SPIKES ANC TRACERS- DRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TO SEPARATIONS

AWeiPa
q {30s5




Printed: 8/4/2015 4:35 PM Page 1 of 1
Oak Ridge Laboratorv Internal Work Order 1 5_081 06
EBERLINE 601 Scarboro Rd.
T T EeERvides Oak Ridge, TN 37830 Analysi
- ysis Code
Work Order Analysis Notes Voice: E?Gsli':s:é?vs'g:s om UUISO
www.eber ! 'c Run Number 1
Date Dept User Notes
08/03/15 07:22 PREP JWOLFE DISSOLVED SAMPLES WITH HF AND DRIED SAMPLES DOWN- DIGESTED WITH MIXED ACIDS AND
TOOK SAMPLES TC DRYNESS- REDISSCLVED SAMFLES WITH HNO3 AND WATER AND
CENTRIFUGED- DILUTED- ALIQUOTED FROM DILUTICNS AND ADDED SPIKES AND TRACERS- DRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TO SEPARATIONS
09/04/15 16:35 CHEM JDEMELAS Added concentrated HCl to sample beakers and heated to dryness; Added 20 ml 8N HCL to samples and

transferred to new, labeled C-Tubes, rinsing with 8N HCI to bring volume {¢ ~35 mi; Preconditioned resin
cotumns with 35 ml 8N HCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 ml 8N

- HCI, centrifuged as needed and loaded onto columns; Rinsed columns with 35 ml 8N HCl - 0. 1N NH4i, 35 ml

of 6.5N HCI — 0.04N HF, and 10 ml of 6.5N HCI; Eluted Uranium with 50 ml of 0.5N HC!into clean, labeled 100
ml beakers; Dried-down samples on hoiplate; Dissclved samples in ~10 ml of cencentrated HCH, Transferred 1o
new, labeled C-Tubes with DI H20. Set samples aside for later precipitation and filtering,




Printed: 9/8/2015 5:00 AM

Page 1 of 1

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory Internal Work Order 1 5_081 06
601 Scarboro Rd.

Oak Ridge, TN 37830

Voice: 865.481.0683 Analysis Code - UUISO

www.eberlineservices.com

Run Number 1

Date

Dept

User

Notes

09/03/15 07:22

PREP

JWOLFE

DISSOLVED SAMPLES WITH HF AND DRIED SAMPLES DOWN- DIGESTED WITH MIXED ACIDS AND
TOOK SAMPLES TG DRYNESS- REDISSOLVED SAMPLES WITH HNO3 AND WATER AND
CENTRIFUGED- DILUTED- ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TO SEPARATIONS

Q9/04/15 18:35

CHEM

JDEMELAS

Added concentrated HCI to sample beakers and heated to dryness; Added 20 ml 8N HCL to samples ang
transferred to new, labeled C-Tubes, rinsing with 8N HCI to bring volume to ~35 ml; Preconditioned resin
columns with 35 ml 8N HCI; Centrifuged samples and loaded onto columns: Rinsed C-Tubes with 20 ml 8N
HC, centrifuged as needed and Ioaded onto columns; Rinsed columns with 35 mi 8N HCE ~ 0.1N NH4I, 35 ml
of 6.5N HC| ~ 0.C4N HF, and 10 ml of 6.5N HCI; Eluted Uranium with 50 mi of 0.5N BCl into clean, labeled 100
ml beakers; Dried-down samples on hotplate; Dissolved samples in ~10 ml of concentrated HCI, Transferred to
new, labeled C-Tubes with DI H20. Sef samples aside for later precipitation and filtering.

09/08/15 085:00

CHEM

TSMITH

Followed steps 12.1.7 to 12.4.5 in AP-005 . ( Precipitated and filtered samples for Uranium }

g5




Eberline Apalytical

Printed: 9/8/2015% 5:02 AM

Oak Ridge Laboratory Page 1 of 1
e T
@© EBERLINE 15 08106
SERVICES Analysis Code Run
Reagents Used in an Analysis UUISO 1
Reagant Reagent Reagent Analyst Date

1D Name Concentration D : Recorded
016253P Hydrofluaric Acid Reagent Grade JWOLFE | 9/3/2015
016519P Nitric Acid Reagent Grade JWOLFE | 9/3/2015 |
016158P Perchioric Acid Reagent“Grader JWOLFE 9/3/2015 '
015490P Sulfuric Acid Reagent Grade JWOLFE 9/3/2015
016740P Anion Exchange Resin Reagent Grade JDEMELAS 9/4/2015
0167575 HCI - 6.5N - 0.04N JDEMELAS 9/4/2015
016232012 Hydrochloric Acid 0.5N | IDEMELAS | 9/4/2015
0167105 Hydrochloric Acid 6.5N IDEMELAS | 9/4/2015
016128P Hydrochloric Acid Reagent Grade JDEMELAS | 9/4/2015
016790S '~ Hydrochioric Acid 8N JDEMELAS  9/4/2015 |
016802S " HCI - NH4I 8N - 0.1M JDEMELAS  9/4/2015 |
016569P Hydrofluoric Acid Reagent Grade TSMITH 9/8/2015
0165835 Neodymium Carrier 1 mg/ml TSMITH 9/8/2015
016514P Reagent Aicohol Reagent Grade TSMITH 9/8/2015
016606P Titanous Chloride Reagent Grade TSMITH 9/8/2015
0167755 Carbon substrate Solution TSMITH 9/8/2015M=
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ISO-TH NOTES




Printed: 9/3/2015 7:22 AM

Page 1 0of 1

Oak Rldge Laboratory Internat Work Order 1 5-081 06

@ EBERLINE 601 Scarboro Rd.

SERVICES Oak Ridge, TN 37830 :
. ! Analysis Code
Work Order Analysis Notes Voice: :6?:48:'06.8: B ThISO
www.eperjineservices.com Run Number 1
Date Dept User . Notes
09/03/15 0722 FREP JWOLFE DISSCLVED SAMPLES WITH HF AND DRIED SAMPLES DOWN- DIGESTED WITH MIXED ACIDS AND

TOOK SAMPLES TO DRYNESS- REDISSOLVED SAMPLES WITH HNO3 AND WATER AND
CENTRIFUGED- DILUTED- ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TO SEPARATIONS

o P

2 ne




Page 1 of 1

EERVICES

Work Order Analysis Notes

Oak Ridge Laboratory Internal Work Order 1 5_081 06
601 Ss:arboro Rd.
Volce: 5654810685 ThISO

www.eberlineservices.com Run Number 1
# Date Dept User Notes
11 09/031507:22 PREP JWOLFE DISSCLVED SAMPLES WITH HF AND DRIED SAMPLES DOWN- DIGESTED WITH MIXED ACIDS AND
TOOK SAMPLES 7O DRYNESS- REDISSOLVED SAMPLES WITH HNC3 AND WATER AND
CENTRIFUGED- BILUTED- ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TO SEPARATICNS
09/04/15 16:35 CHEM JDEMELAS Added concenirated HNOS to sample beakers and heated to dryness; Added 20 ml 8N HNG3 to samples and

transferred to new, labeled C-Tubes, adding 8N HNO3 to bring volume 1o ~35 ml; Preconditioned resin
columns with 50 ml 8N HNG3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 ml 8N KNO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 ml 8N HNO3;
Eluted Thorium with 50 ml of 8N HCl into clean, labelad 100-ml beakers; Dried-down samples cn hotplate;
Dissolved samples in ~10 ml of concentraied HCI; Transferred to new, labeled C-Tubes with deiononized
water, bringing volume to ~15ml. Set samples aside for later precipitation and filtering.




Printed: 9/8/2015 5:01 AM

Page 10of 1

Werk Order Analysis Notes

& EBERLINE

SERVICES

Oak Ridge Laboratory Internal Work Order 1 5-08 1 06
601 Scarboro Rd.

Oak nids ™ 37530 wowow | THISO

www.eberlineservices.com

Run Number 1

Date

Dept

User

Notes

D635 0722

PREP

JWOLFE

LISSOLVED SAMPLES WITH HF AND DRIED SAMPLES DOWN- DIGESTED WITH MIXED ACIDS AND
TOOK SAMPLES TO DRYNESS- REDISSOLVED SAMPLES WITH HNC3 AND WATER AND
CENTRIFUGED- DILUTED- ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TG SEPARATIONS

08/04/15 16:35

CHEM

JDEMELAS

Added concenirated HNO3 to sample beakers and heated to dryness; Added 20 ml BN HNO3 to samples and
transferred to new, labeled C-Tubes, adding 8N HNO3 to bring volume to ~35 mi; Precenditioned resin
columns with 50 ml 8N HNO3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 ml BN HANO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 ml 8N HNO3;
Eluted Thorium with 50 ml of 8N HCl into clean, labeled 100-m| beakers; Dried-down samples on hotplate;
Dissolved samples in ~10 mi of concentrated HCI, Transferred to new, labeled C-Tubes with delononized
water, bringing volyme to ~15mi. Sef samples aside for later precipitation and filtering.

08/08/15 05:01

CHEM

TSMITH

Followed steps 12.2.4 10 12.4.5 in AP-005 . { Preicpitated and filtered samples for Thorium )

g1 ¢
i




Eberiine Analytical

Printed: 9/8/2015 5:02 AM

Qak Ridge Laboratory Page 1 of 1
© Internal Work Order o
@ EBERLINE 15-08106 .
- SERVICES Analysis Code Run
Reagents Used in an Analysis ThISO 1
Reagent Reagent Reagent Analyst Date
1D Name Concentration ; > Recarded
016253P Hydrofluoric Acid Reagent Grade - JWOLFE ' 9/3/2015 |
016519P Nitric Acid Reagent Grade JWOLFE | 9/3/2015
016158P Perchloric Acid Reagent Grade JWOLFE 9/3/2015
015490p Sulfuric Acid Reagent Grade JWOLFE 9/3/2015
016740P Anion Exchange Resin Reagent Grade JDEMELAS 9/4/2015
0167905 Hydrochloric Acid 8N JDEMELAS 9/4/2015 |
016128P Hydrochloric Acid Reagent Grade JDEMELAS 9/4/2015 |
016519p Nitric Acid | ReagentGrade | IDEMELAS | 9/4/2015
0167915 Nitric Acid LN | JDEMELAS  9/4/2015
016557S Cerrium Carrier . 0.1mg/ml TSMITH 9/8/2015 :
016569P HydrofEuoricmAgi'd mReagent Gr'é"c"je TSMITH 9/8/2015
016514P Reagent Alcohol Reagent Grade TSMITH 9/8/2015 |
0167755 Carbon substrate Solution TSMITH 9/8/2015
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SECTION VIII

ANALYTICAL DATA (ISOTOPIC URANIUM)

u.f:-.;’

illEy




EEE:';RE;SQEEE&::;tOW 13_3{831006 Printed; 913120;2:9:0333
Run 1
work e e e
Analysis Code UuUIsoO 01 Lcs LCS 08/26/15 00:00 1.0000E+00
Run 02 | MBL BLANK 08/26/1500:00 |  1.0000E+00
Date Received 8/25/2015 03 | DUP ENGWESA003 36 | 05/28/1509:06 |  1.9600E-01
Lab Deadline 9/15/2015 - 04 TRG ENGWESAQ01 7 “ .3-'6 Q5/27M5 16:12 2.8400E—0‘1.
Client Al:lxier 3 Associates;,;;:. Bl 65 . TRG ENGWESAQGO2 “ 45 05/28/15 08:30 . 3.9200E-01
Project WESTLAKE N bﬁ 5 DO ENGWESAQ03 36 55/28/150906 I “.—_‘1_._9600E—01
Report Level 4 o 07 ’ TRG ENGWESAQ04 35 h 05/28/15 0930 S -.---5;9200E-01
__—M-Activﬂ:y Unlts - pCI B 08 ‘ TRG ENGWESAQD05 | 46 05/27/'1775”715108 7‘ 3.9200E-01
Aliquot Units s 8 09 TR&:‘:" [ ENGWESAQ06 | 43 05/27/15 16:50 3.92005—01“
Matrix AF 10 _TRG ------ i ENGWESAOU7 40 05/27/15 12:00 3.9200E-01
Method EML U-02 Modified o 1 1 . TRG “élﬂ\-lé\t&’ESAOOS 39 05/27/15 15:38 3.9200-“E.—0;|
instrument Type |  Alpha Spectroscopy || 12 | TRG . ENGWESA009 41 | 0528151042 | 3.92008-01)
Radiometric Tracer U-232W | 13 TRG - ENGWESAO1O | 43 05/28/15 11:06 3.9200E-01
Radiometric Solf# ud0a 14 | TRG = ENGWESAOT1 44 0527/150010  3.9200E-01
Tracer Act (dpm/g) 18.66 | 1 57 | TRé - ENGWESAQ1 27 R 42 | 05/27/”1”5:;1”0236 3.9200E-01
15 TRG | ENGWESAO013 - 41 i

Carrier

Carrier Conc (mgfmi)

056/27/15 11:17

2.8400E-01

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

# Indicates estimated SAF value.

** Actual mass exceeded the calibration curve range. Resulis shouid be qualified as appropriate.



Eberline Services 15-08106 Printed: 9/8/2015 5:02 AM
g::l;ifsg ;;::tomtory Uuiso Page 2 of 3
Run 1
internal Sample Tracer Tracer Total Radiometric Radiometric ; Grav Carrier Grav Filter Grav Filter Grav Filter Grav Mean SAF SAF
Fraction | Desc Aliquot (g) ACT {dpm) Tracer (pCi) % Rec Added (ml) Tare (g) Final (g} Net {g) % Rec % Rec i+ 2*
01 LCS 0.6039 11.3 0.00
02 | MBL : 06022 | 112 0.00
03 ' DUP 06020 | 112 0.00 o B
04 | TRG 0.6025 11.2 o000 ||
05 | TRG 0.6013 11.2 000 [
06 DO 05992 112 | 0.00
07 | TRG 0.6010 11.2 0.00
08 | TRG 06000 112 000
09  TRG | 05995 112 0,00
10 | TRG | 05977 1.2 0.00
41 TRG | 05977 1.2 - 0.00 - o
12 | TRG | 06009 112 000|
13 | TRG 05997 112 000
14 | TRG 05990 1.2 000|
15 | TRG 05995 11.2 0.00 _'
16 | TRG  0.5999 11.2 0.00

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

** Actual mass exceeded the calibration curve range. Resuits should be quafified as appropriate.

A Indicates estimated SAF value.




Ebhertine Services 15-08106 Printed: 9/8/2015 5:02 AM

Anaiysis Shast UUISO regesers
Run 1

internal 1 Sample Rough Prep Rough Prep Prep Prep Sep t0 Sep 10 Sep t1 Sep t1
Fraction | Desc Date By Date By Date/Time By Date/Time By

01 | Lcs | 09/03/1507:36 | JWOLFE

02 | MBL 09/03/1507:36  JWOLFE |

03 | DUP | 09/03/15 07:36 JWOLFE

04 | TRG 09/03/15 07:36 JWOLFE | -

05  TRG 4 09/03/15 0736 JWOLFE _ .

06 DO - 09/03/15 07:36 | JWOLFE

07 | TRG | 09103150736 | JWOLFE |

08 | TRG 1 | oowsns07:36 | JWOLFE

09  TRG . 09/03/1507:36 | JWOLFE 7

10  TRG 09/03/15 07:36 ~ JWOLFE

11 TRG | 09/03/1507:36  JWOLFE

12 TRG I 09/03/15 0736 JWOLFE
13 | TRG | 03/03/1507:36 JWOLFE 7 o
14 | TRG | i 09/03/15 07:36 JWOLFE
45 | TRG| 09/03/15 07:36  JWOLFE

46 | TRG - 09/03/1507:36  JWOLFE

&) , R R

1%
‘lui?mﬁ

* SAF1 is used for Gross Alpha and alt other radionuclides. SAF2 is used for Gross Beta only.  * Indicates estimated SAF value,
** Actual mass exceeded the calibration curve range. Results sheuld be qualified as appropriate.




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 12:14 PM
Oak Ridge Laboratory . Page 1 of 3
Work Order: 15-08106-UUISO-1
Lab . Sample Client Activity . LCS ics LCS RPD MDA Blank
Fraction Nulide Desc ldentification Units Resuits Error Estimate uba Known %R Flag Flag Flag Flag
01 U-234 LcS LCS pCils 7.09E+00| 1.04E+00| 7.158-02] B.08E+00; 88.06 OK OK
02 U-234 MBL BLANK pCils 2.97E-02|  4.44E-02| 7.22E-02 OK OK
g
03 U-234 pup ENGWESA003 pCiis 2.54E+00| 9.95E.01| 4.69E.01 NA OK
O 04 U-234 TRG ENGWESAN01 pCils 1.68E+00| 5.80E-01| 1.95E-01 oK
W
=1
8 [7p) 05 u-234 TRG ENGWESAQ02 pCils 1.35E+00| 4.47E-01| 1.83E-01 0K
R4 —
2
5 = 06 U-234 Do ENGWESADO3 pCils 1.57E+00| 7.01E-01| 4.15E-01 OK
| =2
07 U-234 TRG ENGWESA004 pCifs 1.92E+00| 8.25E-01| 4.58E-01 OK
k3 08 U-234 TRG ENGWESAQ05 pCils 216E+00| 6.39E-01] 1.98E-01 OK
[
0 -
§ - 09 U-234 TRG ENGWESA006 pCifs 1.20E+00]  4.56E-01{ 2.23E-01 OK
n
% i 10 u-234 TRG ENGWESADO7 pClis 1.87E+00] 5.84E-01| 2.11E-01 OK
-
& B
E 11 U-234 TRG ENGWESAD08 pCils 1.13E+00| 4.59E-01| 2.42E-01 OK
£
,ﬁ 12 U-234 TRG ENGWESAG09 pCiis 1.58E+00; 5.03E-01| 2.76E-01 OK
o 13 U-234 TRG ENGWESA010 pCiis 2.34E+00] 6.49E-01] 2.15E-01 CK
o
. 14 U224 TRG ENGWESAQ11 pCiis 118E+00| 4.41E-01| 2.45E.01 OK
v
aQ
-ia 15 U-234 TRG ENGWESAD12 pCils 1.57TE+00| 5.44E-01| 1.78E-0% OK
= 8 16 U-234 TRG ENGWESAD13 pCils 7.48E-01| 5.42E-01| 5.59E-01 OK
g 7] -
[} 7]
<L
ol
B "%
) =
||.";1 <
um-—“E

s




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 12:14 PM

Oak Ridge Laboratory Work Order: 15-08106-UUISO-1 Page 2 of

40 Lab . Sample Sample Sample Radiometric Grav Mean Septo Sap t1
| Fraction Muclide Desc Date Aliquot % Rec % Rec :',4, Rec SAF Date/Time DatefTime
E ﬁ 01 U-234 LCS 08/26/15 00:00 1.00E+00 95.61 ' 0.00 0.00
02 U-234 MBL 08/26/15 00:00 1.00E+00 110.78 0.00 0.00
] bl
03 U-234 puUP 05/28/15 09:06 1.96E-01 87.31 0.00 0.00
04 U-234 TRG 05/27/15 16:12 2.84E-01 100.06 0.00 0.00
3 O
0 (7p) o0& U-234 TRG 05/28/15 08:30 3.92E-01 108.45 0.00 0.00
'y)- .
n
2 2 06 U-234 DO 05/28/15 09:06 1.96E-01 104.65 0.00 0.00
| =
07 U-234 TRG 05/28/15 09:30 3.92E-01 49.84 0.00 0.00
E: 08 U-234 TRG 05/27115 15:08 3.92E-01 100.24 0.00 0.00
b
0 -
§ - 09 U-234 TRG 05/27/15 16:50 3.92E-01 100.53 0.00 0.00
%3
& '\ 10 U-234 TRG 05/27/15 12:00 3.92E-01 110.55 0.00 0.00
E L]
O
'L: 14 U-234 TRG ©5/27/15 15:38 3.92E-1 110.63 0.00 £.00
T
5, 12 U-234 TRG 05/28M15 10:42 3.926-01 128.59 0.00 0.00
o 13 u-224 TRG 05/28/15 11:06 3.92E-01 110.48 0.00 0.00
o
- 14 U-234 TRG 05/27/15 09:10 3.92E-01 125.35 0.00 0.00
/)
[oF}
- 15 U-234 TRG 05/27/15 10:36 3.92E-01 109.24 0.00 0.00
= 8 16 U-234 TRG 06/27115 11:17 2.84E-01 70.39 0.00 0.00
2 (73]
3 7))
<
o8
. |
2
;-Z ]
<
Eﬂrlul




Eberline Services ' Preliminary Data Report & Analytical Calculations ' Printed: 9/8/2015 12:14 PM

Oak Ridge Laboratary Work Order: 15-08106-UUISO-1 Page3of3

Lab Sample Counting Halftife . Count Bkg
Fraction Nuclicte Desc Date/Time (days} Detect Carrier Time Caunts CPM Eff
01 U-234 LCS 09/08/15 08:04 A_Spec |Alpha_040 170|4.74 E+02  |2.00 E-03 18.6
- 02 U-234 MBL 09/08/15 08:04 A_Spec |Alpha_041 170]2.32 E+00  [4.00 E-03 18.7
=1 g -
&
03 U-234 DUP 09/08/15 08:04 A_Spec |Alpha_042 170{2.85 E+01 |3.00 E-03 17.4
O 04 U-234 TRG 09/08/15 08:04 A_Spec |Alpha_D43 170|3.58 E+01  |1.00 E-03 20
Q
h=1
3 (7)) 05 U-234 TRG 09/08/15 08:04 A_Spec |Alpha_044 170|3.97 E+01  |2.00 E-03 18.4
IQ T
0
22 06 U-234 DO 09/08/15 08:04 A_Spec |Alpha_045] 170|213 E+01 |4.00 E-03 176
| -
07 U-234 TRG 09/08/15 08:04 A_Spec |Alpha_046 170|2.51 E+01  |5.00 E-03 17.8
g U-234 TRG 09/08/15 08:04 A_Spec |Alpha_047 170(5.27 E+01  {2.00 E-03 16.5
2
Q -
§ - 09 1234 TRG 09/08/15 08:04 A_Spec |Alpha_048 170(3.03 E+01 [4.00 E-03 17
i
8 o\ 10 U-234 TRG 09/08/15 08:08 A_Spec |Alpha_049 170|4.65 E+01  {3.00 E-03 15.3
£
[F)
“é 11 U-234 TRG 09/08/15 08:05 A_Spec |Alpha_050 170|2.63 E+01 [4.00 E-03 14.3
£
é 12 U-234 TRG 09/08/15 08:05 A_Spec |Alpha_051 170|4.58 E+01 |1.30 E-02 15.2
o 13 U-234 TRG 09/08/15 08:05 A_Spec |Alpha_052 170|6.13 E+01 [4.06 E-03 16.1
c
- 14 U-234 TRG 09/08/15 08:05 A_Spec |Alpha_D53 170|3.18 E+01 |7.00 E-03 14.6
]
@
- 15 U-234 TRG 09/08/15 08:05 A_Spec |Alpha_054 170|3.88 E+01 {1.00 E-03 14.5
® 8 16 U-234 TRG 09/08/15 08:05 A_Spec |Alpha_055 170|8.81 E+00  |7.00 E-03 15.6
Y ]
G 7]
<
o
o
2
>
=
g




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 12:14 PM
Oak Ridge Laboratory x Page 1 of 3
9 Work Order: 15-08106-UUISO-1 g
L.ab . Sample Client Activity . LCS LCS Lcs RPD MDA Blank
Fraction Nuctide Desc Identification Units Results Error Bstimate MDA Known %R Flag Flag Fiag Flag
01 U-238 LCS LCS pCis 7.97E+00 1.14E+00| 7.12E-02| 7.85E+00] 101.54 oK OK
02 U-238 MBL BLANK pGifs 5.73E-03| 4.63E-02| 1.07E-01 OK OK
g
03 U-238 DUP ENGWESA003 pCils 1.28E+00| 6.96E-01| 5.32E-01 NA OK
O 04 U-238 TRG ENGWESAD01 pCils 1.43E+00| 5.32E-01| 2.23E-01 OK
Q
B
S 7)) 05 u-238 TRG ENGWESADN02 pCils 1.48E+00| 4.70E-01| 1.62E-01 OK
'E —— S—
7]
= - 06 U-238 DO ENGWESAD02 pCils 2.22E+00| 8.54E-01 5,38E-01 OK
1]
| =2
07 U-238 TRG ENGWESAL04 pCifs 1.60E+00| 7.47E-01} 4.80E-01 OK
g U-238 TRG ENGWESAQS0S pCils 1.85E+00{ &5.86E-01, 2.30E-01 OK
4
O -
E - 09 u-238 TRG ENGWESA006 pCifs 1.08E+00| 4.20E-01| 2.07E-01 OK
3 WA 10 U-238 TRG ENGWESA007 pCiis 1.72E+001 5.60E-01| 2.52E-011 OK
E L
O
E 11 U-238 TRG ENGWESA008 pCils 1.96E+00! 6.16E-01| 1.78E-01 oK
£
L,%’ 12 u-238 TRG ENGWESA009 pCils 8.89E-01] 3.68E-01| 1.44E-01 OK
o 13 U-238 TRG ENGWESA010 pClis 1.68E+00] 5.37E-01| 2.27E-01 CK
o
- 14 U-238 TRG ENGWESAD 1 pCifs 1.07E+00| 4.09E-01| 1.54E-01 OK
th
(¥
= 15 u-238 TRG ENGWESAM2 pCils 1.14E+00} 4.55E-01| 1.77E-01 OK
' 8 16 U-238 TRG ENGWESA013 pCils 8.02E-01| §.39E-01| 4.44E-01 OK
& 0
G o
<
o
| fw,
:ﬁh =
U?TL! <
i




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 12:14 PM

Oal Ridge Lavoratory Work Order: 15-08106-UUISO-1 Page 2013

Lab . Sample Sample Sample Radiometric Grayv Mean Sep t0 Sep t1
Fraction Nuclicte Desc Date Aliquot % Rec % Rec % Rec SAF DatefTime Date/Time
01 U-238 LCS 08/26/1500:00 - | 1.00E+00 95.61 0.00 0.00
- 02 U-238 MBI 08/26/15 00:00 1.00E+00 110.78 0.00 0.00
2| T :
03 U-238 DuP 05/28M15 09:06 1.96E-01 87.31 0.00 0.00
04 U-238 TRG 05/27/15 16:12 2.84E-01% 100.06 0.00 0.00
3 QO
o ] 05 U-238 TRG 05/28/15 08:30 3.92E-01 108.45 0.00 0.00
»g il
= - 06 U-238 DO 05/28/15 09:06 1.96E-01 104.65 0.00 0.00
[~ .
| = ‘
07 U-238 TRG 05/28/15 09:30 3.92E-01 49.84 0.00 0.00
3 08 U-238 TRG 05/27/15 15:08 3.92E-01 100.24 0.00 0.00
S °
§ - 09 U-238 TRG 05/27/15 16:50 3.92E-01 100.53 0.00 0.00
n
g i 10 u-238 TRG 06/27/15 12:00 3.92E-01 110.58 0.00 0.00
L
)
E 11 U-238 TRG 05/27/15 15:38 3.92E-01 110.63 0.00 0.00
£
ﬁ 12 U-238 TRG 05/28/15 10:42 3.92E-01 128.59 0.00 0.00
I 13 U-238 TRG 05/28/15 11:06 3.92E-01 110.48 0.00 0.00
c
. 14 U-238 TRG 05/27/15 09:10 3.92E-01 125.35 0.00 0.00
)
i)
o 15 U-238 TRG 05/27/15 10:36 3.92E-01 109.24 0.00 0.00
= 8 16 U-238 TRG 05/27/15 11:17 2.84E-01 70.39 0.00 0.00
g )]
G 0
<
o3
" .
&5 2
% x
E <
II&}-Q“




Eherline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 12:14 PM

Oak Ridge Laboratary Work Order: 15-08106-UUISO-1 Fage 3 of3

Lab N Sample Counting Halflife . Count Bkg
Fraction Nuclide Desc Date/Time {days) Detect Carrier Time Counts cPm Eff
01 U-238 LCS 09/08/15 08:04 A_Spec |Alpha_040 170|5.35 E+02  |2.00 E-03 18.8
- 02 U-238 MBL 09/08/15 08:04 A_Spec |Alpha_041 170|4.50 E-01  [1.50 E-02 18.7
2| = :
03 U-238 DUP 09/08/15 08:04 A_Spec |Alpha_042 170(1.41 E+01 | 5.00 E-03 17.4
O 04 U.238 TRG 09/08/15 08:04 A_Spec  |Alpha_043 170/3.07 E+01  |2.00 E-03 20
k']
o
8 (7p) 05 U-238 TRG 09/08/15 08:04 A_Spec |Alpha_044 17014.37 E+01  |2.00 E-03 18.4
bl il —
0
= - 06 U-238 DO 09/08/15 08:04 A_Spec |Alpha_D4s 170{3.03 E+01  [1.00 E-02 17.6
b=
=S -
07 U-238 TRG 09/08/15 08:04 A_Spec |Alpha_046 170/2.10 E+01 |6.00 E-03 17.8
8 08 U-238 TRG 09/08/15 08:04 A_Spec |Alpha_0a7 170/4.53 E+01 |4.00 E-03 16.5
S
Q -
§ - 09 u-238 TRG 09/08/15 08;04 A_Spec |Alpha_n48 170(2.75 E+01 [3.00 E-03 17
3 ) 10 U-238 TRG 09/08/15 08:08 A_Spec  |Alpha_049 170/4.30 E+01  {6.00 E-03 16.3
E -
@ B
g 11 U-238 TRG 09/08/15 08:05 A_Spec |Alpha_050 170|4.58 E+01  |1.00 E-03 14.3
£
,%j 12 U-238 TRG 09/08/15 08:05 A_Spec |Alpha_051 170|2.58 E+01 |1.00 E-03 15.2
o 13 U-238 TRG 09/08/15 08:05 A_Spec  |Alpha_052 170|4.42 E+01  |5.00 E-03 16.1
o
T 14 U-238 TRG 09/08/15 08:05 A_Spec |Alpha_053 170|2.88 E+01 {1.00 E-03 14.6
)
D
= 15 U-238 TRG 09/08/15 08:05 A_Spec |Alpha_054 170|2.68 E+01  |1.00 E-03 14.5
o 8 15 U-238 TRG 09/08/15 08:05 A_Spec |Alpha_055 170|9.49 E+00 |3.00 E-03 15.6
8 @
i 0
<
o3
1™
2
bad
b
<




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 12:14 PM

Oak Ridgs Lahoratory Work Order: 15-08106-UUISO-1 Page Tof3

[, Lab . Sampte Client Activity . LCS LCS LCS RPD MDA Blank
Fraction Nuclide Desc Identification Units Results Error Estimate MDA Known %R Flag Flag Flag Flag
7 01 U-235 LCS LCS pCils 5.84E-01| 216E-01| 8.83E-02 oK
02 U-235 MBL BLANK pCiis 4.97E-02, 6.32E-02| 9.45E-02 OK oK
3 h
03 U-235 DuP ENGWESAD03 pCi/s 2.93E-01] 3.79E-01| 5.27E-01 NA OK
04 U-235 TRG ENGWESAGBO1 pCils 2.21E-01] 2.28E-01| 2.4ME-01 OK
2 O _
S ) 05 u-235 TRG ENGWESA002 pCiis 8.38E-02| 1.43E-01| 2.52E-01 OK
i [
2
3 e (0123 U-235 Do ENGWESA003 pCils 3.17E-01| 3.B61E-01| 4.76E-01 OK
| =
07 u-235 TRG ENGWESA004 pCils 7.83E-02| 1.88E-01| 3.94E-01 0K
3 08 U-235 TRG ENGWESA005 pCils | 3.33E-02| 1.02E-01| 2.41E-01 OK
b
O -
§ - 09 U-235 TRG ENGWESA006 pCifs -2.49E-02| 9.99E-02| 2.56E-01 OK
"
& s 10 U-235 TRG ENGWESA007 pCils 1.49E-01{ 1.95E-01] 2.97E-01 OK
E L]
@
‘u;: 11 u-235 TRG ENGWESA008 pCifs 3.34E-01| 2,80E-01| 2.98E-01 oK
‘-E -
ﬁ 12 U-235 TRG ENGWESAQ00S pCils 6.35E-02| 1.21E-01| 2.24E-01 OK
o 13 U-235 TRG ENGWESAD10 pCifs 2.03E-01, 2.10E-01| 2.66E-01 OK
o
T 14 U-235 TRG ENGWESA011 pCiis 8.38E-02] 1.28E-01| 1.91E-01 OK
n |
-% 15 U-235 TRG ENGWESA012 pCils 8.75E.02] 1.49E-01| 2.52E-01 oK
- 2 U-235 TRG ENGWESA013 pCils 8.69E-02| 2.08E-01| 4.37E-01 OK
= ©
g 7
[ w
<
o
1=
Q2
»
ou
<




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 12:14 PM

Oak Ridge Laboratory Work Order: 15-08106-UUISO-1 Page 2 of 3

Lab . Sample Sample Sample Radiometric Grav Mean Sep to Sept1
Fraction Nuclide Desc Date Aliquot % Rec % Rec % Rec BAF Date/Time Date/Time
01 U-235 LCS 08/26/15 00:00 1.00E+00 95.61 0.00 0.00
- 02 U-235 MBL 08/26/15 00:00 1.00E+00 110.78 0.00 0.00
g| =
03 u-235 Dup 05/28/15 09:06 1.96E-01 87.31 0.00 0.00
04 . U-235 TRG 05/27M5 16:12 2.84E-01 100.06 0.00 0.00
3 O
o (7] 05 U-235 TRG 05/28/15 08:30 3.92E-01 108.45 0.00 0.00
'ﬂ —
0
= - 06 u-235 DO 05/28/15 09:06 1,98E-01 104.85 0.00 0.00
[~
] =
o7 u-235 TRG 05/28/15 09:30 3.92E-01 49.84 0.00 0.00
3 08 u-235 TRG 05/27/15 15:08 3.92E-01 100.24 0.00 0.00
iy
O L
§ — 0% U-235 TRG 05/27/15 16:50 3.92E-01 100.53 0.00 0.00
3 i 10 u-235 TRG 05/27/15 12:00 3.92E-01 110.55 0.00 0.00
e L _J
k]
‘g 11 U-235 TRG 05127115 15:38 3.92E-01 110.63 0.00 0.00
S
ﬁ 12 u-235 TRG 05/28/15 10:42 3.92E-01 128.59 0.00 0.00
I 13 u-235 TRG 05/28/15 11:06 3.92E-01 110.48 _0.00 0.00
c
. 14 U-235 TRG 05/27/15 09:10 3.92E-01 125.35 0.00 0.00
0
o)
'Es' 15 u-235 TRG 05/27/15 10:26 3.92E-01 109.24 0.00 0.00
- 8 16 U-235 TRG 0812715 11:17 2.84E-01 70.29 0.00 0.00
g 7
3 0
<{
od
|
L
>
=3
<

[l




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 12:14 PM

Oak Ridge Laboratory Work Order: 15-08106-UUISO-1 Page 30f3

Lak . Sample Counting Halflife . Count Bkg
Fraction Nuclida Desc DatefTime (days} Detect Carrier Time Counts cPM Eff
01 U-235 LcS 09/08/15 08:04 A_Spec |Alpha_040 170{3.17 E+01 |2.00 E-03 18.6
- 02 U-235 MBL 09/08/15 08:04 A_Spec |Alpha_041 170/3.15 E+00 |5.00 E-03 18.7
g v
03 U-235 pupP 09/08/15 08:04 A_Spec |Alpha_042 170{2.66 E+00 |2.00 E-03 17.4
O 04 U-235 TRG 09/08/15 08:04 A_Spec |Alpha_043 170{3.83 E+00 |1.00 E-03 20
-]
T
3 w 05 u-235 TRG 09/08/15 08:04 A_Spec |Alpha_044 170/2.00 E+00  :0.00 E+00 18.4
_f_l)_ B
wn
2 = 086 U-235 DO D9/08/15 08:04 A_Spec |Alpha_045  170|3.49 E+00 |3.00 E-03 17.6
i
| =
07 U-238 TRG 08/08/15 08:04 A_Spec |Alpha_046 170(8.30 E-01  [1.00 E-03 17.8
K 08 U-235 TRG 09/08/15 08:04 A_Spec |Alpha_047 170|6.60 E-01  |2.00 E-03 16.5
[
0 -
§ - 09 U-235 TRG 09/08/15 08:04 A_Spec |Alpha_048 170(-5.10 E-01 |3.00 E-03 17
0
% —— 10 U-235 TRG 09/08/15 08:05 A_Spec |Alpha_049 170(3.00 E+00  [0.00 E+00 16.3
-
Q
E 11 U-235 TRG 09/08/15 08:05 A_Spec |Alpha_050 170|6.32 E+00  |4.00 E-03 14.3
£
53,’ 12 U-235 TRG 09/08/15 08:05 A_Spec |Alpha_051 170{1.49 E+00 |3.00 E-03 15.2
g 13 u-235 TRG 09/08/15 08:05 A_Spec |Alpha_{52 170)4.32 E+00  |4.00 E-03 16.1
=
- 14 U-235 TRG 09/08/15 08:05 A_Spec |Alpha_053  170/1.83 E+00 |1.00 E-03 14.6
th
joi]
- 15 U-235 TRG 09/08/15 08:05 A_Spec |Alpha_054 170(|1.66 E+00  |2.00 E-03 14.5
= 8 16 u-235 TRG 09/08/15 08:05 A_Spec Alpha_055 170|8.30 E-01  |1.00 E-03 15.6
] h
a 7]
<[
ol
P
2
»
=
<
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Count Room Report

15-08106-UUISO-1 (pCifs) in AF

Printed: 9/8/2015 5:02 AM

Client: Auxier Associates, Inc. Tracer [D: U-10a Page 1ot
fnternal Sample Ciient Sample Sample Tracer Tracer Radiometric ‘ Radiometric | SAF SAF
Fraction Desc D Date Aliquot Aligquot (g) ACT (dpm) Tracer (pCi) i % Rec ™ 2+

Mol o1 Lcs LCS 08/26/15 00:00 1.0000 0.6039 11.2688 0.00
02 MBl‘.M BLANK 08,;';'26/15 00:00 1. 0000 0.6022 11.2371 0.00 :
763 DUP ENGWESA003 | 05/28/15 09:.06 "O 1960 ‘ 0.6020 1. 23';33 . 0.00
04 TRG ENGWESAQO1 05/27/15 1612 0.2840 “ 0.6025 11 2427 0.00

| 05 .- - TRG MENGWESA(}O2 05/28/15 08 30 d.3920 0.6013 ‘11 2203 . | 0.00 ‘

: 06 ! DO ENGWESA003 - 05/28/15 09:06. | 0.17573'60 : 0.5992 111811 " 0 00 !

—0; TRG ENGWESADQ4 05/28!15 09 30 0.3820 | 0.6010 11 2147- | O 00‘ l‘

”“-08 TRG ENGWESAQD0S 05127115 15 087” : 0.3920 0.6009 | 11 2128 0.00 o
\v\,% 08 TRG ENGWESAOQ0B | 05127,’15 16 50 . 0_3920 0.599:5 1. 1867 OOD
T‘w i TRG ENGWESABO? 05/27/15 12 00”-? 0.3820 0.5977 11. 1531 0.00 o
1 11 TRG | | ENGWESAOOVS “ 05/27/15 15: 38“ 0.3920 0.5977 i 11 1531 ) O'.Oa 777777777 S

__'E i TRG ENG\}VESAbOQ A 05:’28/15 10: 427 i 0.392.{)“- 0.6008 11.2128 0.00

5 713 TRé ENGWESAO‘ID ) 05/28!1511.06- s 0.3520 05997 3 11.1904 | _0_00 . P
1; a '!_'RG } ENGWESAOﬂ | 05:’27/15 09 70 ‘7 ﬁ.3920 “ 0.5990 111 773 0.0077

B 15 TRG ENGWESAO‘!Z _ 05/27/M15 10 36 0 3920 | 0.5995 11.1867 0.0d o

/< 16 “ __'FRE - ENGWESAO13 omszf 02840. 0.5999 | 71.1.1941 . 0.0E)”
|
S e e - — - i - -




Eberline Services H Page 1 of 1
Oak Ridge Laboratory Splke and Tracer Worksheet Printed: 9/3/2015 7:37 AM

Internal Work Qrder Run Analysis Code - Date Technician Technician Initials Witness Initials
15-08106 1 UuUISO 9/3/2015 7:22 JWOLFE s\wf" -
LCS & Matrix Spikes = : . ... | " LCS [ M8 ] .LC8D. [ MSD .} LGS ..o .. MS o cfoco keS| MSD. - .
Isofope Sol# Activity Solution App_r?x Volume Volume Volume Volume Knovfrn Efmr Add?d En_'mr Knou-m E{ror Adde_ed : Efror
dpm/g Date Addition Used (g) Used (g) Used (g) Used (g) peCi Estimate pCi Estimate pCi Estimate PCi Estimate
U-234 U-8a 35240, 91312015, 0.500) T 0.8074 e 8.05 0.280 0.00 0.000 0.00 £.000 0.00 0.000
U-233 U-8a 34350  9/3/2015 0500, - 0.5071 _ 7.85 0282 0,00" " 0000 0.00 0.000 ooal  0.000
Tracers i . _ % .. i Balance Printer Tapes :
fraction Isotope Sol # ‘a;:::,;y SODH;:I:" L\Z ;L;r?; :5;:::; Tracer LCS
01 U-232 U-10a 18.660 /32015 © 0.6039 0.6500
0z u-232 U-10a | 18560, 9/3/2015]. 08022 0.6500 |
03 U-232 | U-10a 1g660| 9312015 <08 0.6500
04 U-232 U-10a 18,660 953/2015) 0.8 i 06500 |
05 U-232 U-10a 18.660] 9/3/2015) o 0.6500
06 U232 | UG . 48680 93/207]. . 0.  0.6500
07 U-232 | U-0a 18660 /312015 - 0.6500 |
08 U232 U10a | 18660 /372015 " 06500
09 | U232 | uU-ioa 1e660| 92015 - 0.6500
0 | u-232 ut0e | 18..660‘ 9/3/2C15, 5 0.6500 Matrix Spike
1 U232 U0z | 18660 9302015  0.6500
12 U232 | UA0a 18.660| 9/32015) . 06500
13 '-U-232 U-10a 18.660| 9rmzots - 0.6500
14 ! u-232 U-10a | 18650 91312015 0.6500 |
15 U-232 Uoa | 1860 932015 © 0.6500 |
16 U-232 i U-108 18.660  9/3/2015 05999 0.6500
i L I
i ‘ | ,,

Versicn 2.0 08/99




Eberline Analytical = Printed: ©/3/2015 7:52 AM
Oak Ridge Laboratory Aliquot Worksheet Page 1 of 1
Work Order Anaiysis Code Eut Uniis Lab Deadiine Technician
15-08106 UuISO s 9/15/2015 JWOLFE
lap | Auxier & Associates, Inc.| sample Muffle Data Dilution Data Aliguot Data MS Aliguot Data H-3 Solids Only
Fraction oo Ratioss ool ! e sl ~oE|  Water Added H3 Dist
Cilient ID Type |~ PostiPre No of Dils ~ | = DilFactor | 'Rafic Aliquot Net Equiv - Aliquot Net Equiv {mi) Alig
o LCS Lcs | .ot ' ol | 1.0000E+00|-: 1:0000E+00 o
02 BLANK MBL 1.0000E+00|  1.0000E+00
03 __ENGWESA003 DUP 1.9600E-01| ", 1.9600E-07;
04 ENGWESAQQ1 TRG B 2.8400E-01| - 2.8400E-01
05 ENGWESAQ02 TRG  3.200E-01| . -3.9200E-01
06 |  ENGWESA003 Do ~1.9600E-01| .~ 1.9600E-01;
07 ENGWESA004 TRG 3.9200E-01| . ~3:9200E:01:
08  ENGWESAD05 TRG © 3.9200E-01| .- 3.9200E-01 -
09 | ENGWESAD06 TRG ) 3.9200E-01] - 3.9200E-01; _
10 ENGWESA007 TRG | 3.9200E-01}. " 3.9200E-01;
11 ENGWESA008 | TRG 3.9200E-01f  3:9200E-01
12 |  ENGWESA009 TRG L : . o ] 3.9200E01) . 392008507,
13 ENGWESAD10 TRG 1 . . e _ Lo ] 3.9200E-01f . 3.9200E:01)
14 | ENGWESAO011 TRG ol P e e ] 3.0200E-01) 3:9200E-01
15 ENGWESAD2 TRG | . o - et 3.9200E-01f  3.9200E-01
16 ENGWESA03 TRG | o e 2.8400E-01] . 2.8400E:01 i
Comments

/‘"““’""’W//

Technician: Y\Nfé l”1_-%-»9-«-==‘*°’If)ate: a? /53 //:'




; | rﬁg\\( |

_=Apex-Alph:

Sample Description: SPIKE

Spectrum File: \\OR-ALPHAl\Canberra‘\ApexAlpha\Root\Datal00001281
Batch Identification: 1508106A-UU

Sample Identification: o1

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha 040

Chamber Serial Number: 060273968

Detector Serial Number: 91135

Env. Background: System Bkgd 1284065

Reagent Blank: <not performed:

Sample Size: 1,000E+000 +/- ©0.000E+000 sample
Sample Date/Time: 9/8/2015 6:10:54 AM
Acquisition Date/Time: 5/8/2015 8:04:38 AM
Acquisition Live Time: 170.0 minutes

Acguisition Real Time: 170.0 minutes

Tracer Certificate: U232_UU-10A

Tracer Quantity: 0.€04 mL

Effective Efficiency: 0.1774 +/- 0.0105

Counting Efficiency: 0.1856 +/- 0.0032 on 10/25/2014 2:57:14 PM
Chem. Recovery Factor: 0.9561 +/- 0.058%9

Control Certificate Name: NatU U-8A
Chem. Recov. of Control: U-238 0.98%787 +/- 0.078353
Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MaV) Pk Area Error % Backgnd Backgnd {(lkev)
U-232 T 5.275 337.66 10.67 0.34 0.CO0E+000 31.4
u-234 4.730 473.66 9.01 0.34 0.00E+000 12.0
U-235 4.393 31.66 35.05 0.34 0.00E+000 4.5
U-238 4.149 534.66 8.48 0.34 0.00E+000 41.4

T = Tracer Peak used for Effective Efficiency

Id Energy Activity MDA
Nuclide Conf. (keV) {(pCi/sample} (pCi/sample)
U-232 0.954 5302.50%* S.05E+000 +/- 5.88E-001 7.15E-002 +/- 8.29E-003
U-234 0.893 4761 .50%* 7.09E+000 +/- 1.04E+Q00Q 7.15E-002 +/- 8.29E-003
U-235 1.000C 4385.50%* 5,84E-001 +/- 2.16E-001 8.83E-002 +/- 1.02E-002
U-238 0.891 4184 _40%* 7.97E+000 +/- 1.14E+000 7.12E-002 +/- 8,25E-003

fics

a/5/15
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Counts

0000128107 .CNF

ol M
B §§§;t; 102%3%@22:§Ek:¥%
B Acg, Start :Tue Sep 08 08:04:38 2015

55+

50-F

451

40+

354

30-f-

25+

20+

15+

10+

5t N |

| NS TR AMﬂMﬂhﬂhﬂMﬁMﬂ”fﬂ| EEY %;LJ!WM- Liu A T - S IEY S |
3500 4000 4500 5000 5500 6000 6500

Energy (kev)

ROI Type: 1




Channel Data Report 9/8/2015 10:58:05 AM Page 1

IR R R E R L E R R R R R R R EEE R EEE R R R R R R EER S SRS S o

wAAAK S PECTRAL DATA REPORT * ok ok kK

hhkkhkkhkhkhrkrkrhkdbhkrhkkhEhhrdhhhkxddhkhkddhhkrrdhhkrrdrxhkdhrrdhkrhFxrdrixx

Sample Title: 01

Elapsed Live time: 10200
Elapsed Real Time: 10200

Channel|------ |------- |- | === |------- |--~---- | ------- | == |
1:
S:

17:
25:
33:
41 :
49:
57:
65:
73:
81:
89:
97;
105:
113:
121:
129:
137:
145
153
161:
169:
177:
185:
193:
201:
209;
217:
225:
233:
2471:
249:
257:
265:
273:
281:
289:
297:
305:
313
321
329:
337:
345:
353
361:
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Page
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12
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1
20
15
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0
2
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12
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12

1
3
12
20
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1¢:58:05 AM
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= Apex-Alpha” B

Sample Description: BLANK

Spectrum File: \V\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001280
Batch Identification: 1508106A-TUU

Sample Identification: 0z

Sample Geometry: Shelf 2

Procedure Degcription: U iso

Detector Name: Alpha 041

Chamber Serial Number: 05026930A

Detector Serial Number: 91087

Env. Background: System Bkgd 128406

Reagent Blank: <nct performeds:

Sample Size: 1.000E+000 +/- 0.Q000E+000 sample
Sample Date/Time: 9/8/2015 6:10:54 AM
Acquisition Date/Tine: 9/8/2015 8:04:40 AM
Acguigition Live Time: 170.0 minutes

Bequisition Real Time: 170.0 minutes

Tracer Certificate: U232 UU-10A

Tracer Quantity: 0.602 mL

Effective Efficiency: 0.2075 +/- 0.0115

Counting Efficiency: 0.1873 +/- 0.0033 on 10/25/2014 3:60:28 PM
Chem. Recovery Factor: 1.1078 +/- 0.0643

Peak Match Tolerance: 0.150 MeV

Enerqgy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.273 383.83 9.88 0.17 0.C0E+QCQ0O 22.4
U-234 4.626 2.32 149.12 0.68 0.00E+000 3.0
U-235 4.431 3.15 126.67 0.85 0.00E+0090 3.0
U-238 4,074 0.45 807.07 2.55 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency

Id Energy Activity MDA
Nuclide Cont. {(keV} (pCi/saumple) (pCi/sample)
U-232 0.994 5302.50%* 5.04E+000 +/- 5.47E-001 5.34E-002 +/- 5.80E-003
U-234 0.877 4761.50%* 2,.97E-002 +/- 4.44E-002 7.22E-002 +/- 7.B4E-003
J-235 0.986 4385 _.50* 4.97E-002 +/- 6.32E-002 9.45E-002 +/- 1.03E-002
U-238 0.917 4184 .40%* 5.73E-003 +/- 4.63E-002 1.07E-001 +/- 1.16E-0Q02
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= Apex-Alpha’

Sample Description: ENGWESA003-DUP
Spectrum File: \\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\00001280
Batch Identification: 1508106A-UU
Sample Identification: 03
Sample Geometry: Shelf 2
Procedure Degcription: U iso
Detector Name: Alpha 042
Chamber Serial Number: 050269308
Detector Serial Number: 84185
Env. Background: System Bkgd 128407
Reagent Blank: <not performeds
Sample Size: 1.960E-001 +/- 0.000E+000 sample
Sample Date/Time: 5/28/2015 6:10:54 AM
Acquisition Date/Time: 9/8/2015 8:04:43 AM
Acquisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Trager Quantity: 0.602 mL
Effective Efficiency: 0.1517 +/- 0.0096
Counting Efficiency: 0.1737 +/- 0.0030 on 10/25/2014 3:04:21 BM
Chem. Recovery Factor: 0.8731 +/- 0.0574
Peak Matc¢h Tolerance: 0.150 MeV

————— PEAK AREA REPORT -——--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.281 287.81 11.58 1.1% 0.00E+000 13.5
U-234 4,736 28.49 37.10 0.51 0.00E+000 3.8
U-235 4.379% 2.66 128.85 0.34 0.00E+000 3.0
J-238 4.138 14.15 53.90 0.85 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS —-———
Id Energy Activity MDA

Nuglide Conf. {kev) {(pCi/sample) {pCi/sample)
J-232 0.957 5302.50%* 2.58E+001 +/- 3.20E+000 5.90E-001 +/- 7.33E-002
U~-234 0.995 4761 ,50% 2.54E+000 +/- 92.95E-001 4.69FE-001 +/- 5.82E-002
U-235 1.000 4385.50% 2.93E-001 +/- 3.79E-001 5.27E-001 +/- 6.55E-002
U-238 0.985 4184 .40% 1.26R+000 +/- 6.96E-001 5.328-001 +/- 6.62E-002
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_=Apex-

Sample Description:
Spectrum File:
Batch Identification:

Alpha”

ENGWESAQOL
\\OR-ALPHAL\Canberra\ApexAlpha‘\Root\Data\0000128]
1508106A-UU

Sample Identification: 04

Sample Geometry: Shelf 2
Prcocedure Descripticn: U iso
Detector Name: Alpha_ 043
Chamber Serial Number: 040264814
Detector Serial Number: 91088

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquigition Date/Time:
Acquisition Live Time:
Acguisition Real Time:

Tracer Certificate:

System Bkgd 128408
<not performeds

2.840E-001 +/- 0.000E+000 sample
5/27/2015 6:10:54 AM
9/8/2015 8:04:45 IM

170.0 minutes

170.0 minutes

U232 _UU-10A

Tracer Quantity: 0.603 mL
Effective Efficiency: 0.1999 +/- 0.0113
Counting Efficiency: 0.1998 +/- 0.0035 on 10/25/2014 3:08:45 PM
Chem. Recovery Factor: 1.0006 +/- 0.0589
Peak Match Tolerance: 0.150 MeV

uuuuu PEAK AREA REPORT ————-

Energy Net Pk Area Zmbient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.27%9 379.66 10.06 0.34 0.00E+000 6.0
U-234 4.745 35.83 32.83 0.17 0.00E+C00 4.5
0-235 4.373 3.83 102.72 0.17 0.00E+000 3.0
U-238 4.156 30.66 35.63 0.34 0.00E+000 4.5

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Ectivity MDA

Nuclide Conft {keV) (pCi/sample) (pCi/sample)
U-232 0.996 5302.50%* 1.78E+001 +/- 1.96E+000 2.24E-001 +/- 2.47E-002
U-234 0.998 4761 .50% 1.68E+000 +/- 5.80E-001 1.95E-001 +/- 2.15E-002
J-235 0.993 4385 .50%* 2.21E-001 +/- 2.28E-001 2.41E-001 +/- 2.65E-002
U-238 0.5394 4184 .40% 1.43E4000 +/- E5.32E-001 2.23E-001 +/- 2.45E-002

aFL




Counts

0000128108 .CNF

60~

55

50

45+

(] [UV] N
Lo w Lo}
| | |
T T 1111111111111t

~J
w1
]

I~
C‘D

1T T T T T TTT

154

i

i

Ik i‘i
i il'g“‘i!‘!\" T

JH3) th.ﬂ Il% Mh“ﬁ.jﬁ;lh

Live Tire :10200.000 sec

Real Time :10200.300 sec

start:  1:3464.1(kev)

Stop @ 1024:6539.1Ckev)

ACq. Start :Tue Sep 08 08:04:45 2015

4500 5000
Energy(kev)

[T

ROI Type: 1

ROI Type: 3




1

Page
0
0

*kkkk
0
C

oo e e
0]

REPORT

*'k**-k‘k**'k'k'ic**'k'k*******'k****-k**'k************************
0
0

10:58:28 AM

9/8/2015
DATRA

10200
10200

0

04

kkkkhk kA kAR RRKKR AT A IR R IR AR AN IR A A AR R IR F R Rk hhk kAR hRkh* ¥k
S PECTRAL

Sample Title:
Elapsed Live time:
Elapsed Real Time:

*k kK%

25:
33:
41
49:;
57:
65:
73:
81:
89:
97
105:

17:

Channel Data Report
Channel |-----|=rromm=|mmmmmmfmm e [ oo

c O oo

113
121:
129

137:

145:
153:
161:
169:
177:
185:
123:
201:
209:
217:
225:
233
241;
249:
257:
265:
273:
281:
289:
297
305:

[ e

313:
321:

o O

329:

337
345;

o O

353
361:




2

Page

10:58:28 AM

9/8/2015

Channel Data Report

369:

04

Sample Title:

0
0

Channel | —- === | <cm-mm|mmmmmmm [ e [

0 0
0

0
0

0

0

377:

385:

393:

40%1:

409:

417:

425:

433

4471 :

443

457

465:

473

481 :

489:

497 :

505:

— O

513
521:

529:

537:

545 ;

553

561:

569:

577:

585:

11
14

15

593:

i1

12

12
12
15

601:

15

15

12

16

11
15

609:

12

12

617:

625!

633:

641

649:

657

665

673:

681:

689:

697:

705

713

721:

729:

737

745 :

753:

761:

769

777

785

793




3

Page

10:58:28 AM

9/8/2015

Channel Data Report

801;

04

Sample Title:

0 0 0
0 0 0

B e REEEet]

0
0

Chamnel | - - —- = | -mmomm|mmmmmem | e
809
817:

825:
833:
841:
849:
857:
865
873:
881:
889:
897:
905:
913:
921:
925:
937

o O

945
953

961:
969:
977 :
985:
993:
1001:
1009:

1017:




s

_=Apex-Alpha” Al

Sample Description: ENGWESA002
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\OO001281
Batch Identification: 1508106A-UU
Sample Identification: 05
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: BAlpha 044
Chamber Serial Number: 040264818
Detector Serial Number: 84168
Env. Background: System Bkgd 128409
Reagent Blank: <not performeds
Sample Size: 2.920E-001 +/- 0.000E+00C sample
Sample Date/Time: 5/28/2015 6:10:54 AM
Acquigition Date/Time: $/8/2015 8:04:48 BM
Acquisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.601 mL
Effective Efficiency: 0.1992 +/- 0.0112
Counting Efficiency: 0.1837 +/- 0.06032 on 10/25/2014 3:13:11 PM
Chem. Recovery Factor: 1.0845 +/- 0.0641
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPCRT —-——

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.284 377.49 10.10Q 0.51 0.00E+000Q 24.6
U-234 4.731 39.66 31.28 0.34 0.00E+000 6.0
U-235 4,422 2.00 169.74 0.00 0.00E+000 3.0
J-238 4.171 43,66 29.80 0.34 0.00E+0CO 12.0

id Energy Activity MDA
Nuclide Cenf . {keV) {pCi/sanple) (pCi/sample)
U-232 0.998 5302.50% 1.28E+001 +/- 1.42E+000 1.79E-001 +/- 1.98E-002
U-234 0.2394 4761.50%* 1.35E+000 +/- 4.47E-001 1.63E-001 +/- 1.80E-002
U-235 0.991 4385 .50*% 8.39R8-002 +/- 1.43E-001 2.52E-001 +/- 2.78E-002
U-238 0.998 4184 .40% 1.48E+000 +/- 4.70E-001 1.62E-001 +/~ 1.79E-00Z2
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= Apex-Alpha”

ENGWESADO3
\\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\00001280
15081L06A-UU

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguisition Date/Time:
Acquisition Live Time:
Aggquisition Real Time:

Tracer Certificate:

06

Shelf 2

U is=o

Alpha 045
04026482A
91131
System Bkgd 128410
<not performed:

1.960E-001 +/-

5/28/2015
$/8/2015

U232 UU-10A

0.000E+000 sample
6:10:54 AM
8:04:50 AM
170.0 minutes
170.0 minutes

%% -

.52E-002
.75E-002
.45E-002

Tracer Quantity: 0.599 mL
Effective Efficiency: 0.1842 +/- 0.0108
Counting Efficiency: 0.1760 +/- 0.0031 on 10/25/2014 3:16:42 PM
Chem. Recovery Factor: 1.0465 +/- 0.0638
Peak Match Tolerance: 0.150 MeV

----- PEAK AREA REPORT -—————

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.299% 347.83 10.51 0.17 Q.00E+000 24.8
U-234 4.749 21.32 43 .23 0.68 0.0CE+000 3.5
U-235 4.406 3.48 113.53 0.51 0.00E+GOQC 6.0
U-238 4,175 30.30 36.76 1.70 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
----- NUCLIDE ANALYSIS RESULTS -———
Id Enerqgy Activity MDA

Nuclide Conf . (kev) {pCi/sample) {pCi/sample)
U-232 1.000 5302.50%* 2.578+001 +/- 2.93E+000 3.08E~-001 +/- 3
U-234 0.999 4761 .50%* 1.57E+000 +/- 7.01E-001 4.15E-001 +/- 4
U-235 0.997 4385.50% 3.17E-001 +/- 3.61lE-001 4.76E-001L +/- 5
U-238 0.%999 4184.40%* 2.22B+000 +/- 8.54E-001 5.38E-001 +/- 6

AUslis
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_=Apex-Alpha”

Sample Description: ENGWESAC (4
Spectrum File: \\OR-ALPHAL\Canberra\kpexAlpha\Root\Datal00001281
Batch Identification: 1508106A-UU
dample Identification: 07
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 046
Chamber Serial Number: 040264828
Detector Serial Number: 58762
Env. Background: System Bkgd 128411
Reagent Blank: <not performed:
Sample Size: 3.920KE-001 +/- 0.000E+000 sample
Sample Date/Time: 5/28/2015 5:10:54 AM
Acguisition Date/Time: a/8/2015 8:04:52 AM
Acquigition Live Time: 170.0¢ minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.601 mL
Effective Efficiency: 0.0885 +/- €.0071
Counting Efficiency: 0.1776 +/- 0.0031 on 10/25/2014 3:20:08 BM
Chem. Recovery Factor: 0.4984 +/- 0.0411
Peak Match Tolerance: 0.150 MeV

————— PEAX AREA REPCRT -————-

Energy Net Pk Area 2mbient Reagent FWHM
Nuclide (MeV} Pk Area Error % Backgnd Backgnd {(keV)
U-232 T 5.283 167.66 15.16 0.34 ¢.00E+000 8.2
U-234 4.732 25.15 38.85 0.85 0.00E+00Q0 4.5
U-235 4.412 0.83 232.53 0.17 0.00E+000 3.0
U-238 4.153 20.98 43.99 1.02 0.00E+000 3.8

Id Energy Activity MDA
Nuclide Conf . {keV) (pCi/sample) (pCi/=ample)
U-232 0.997 5302.50%* 1.29E+001L +/- 2.03E+000 3.67E-001 +/- 5.80E-002
U-234 0.594 4761 .50% 1.92E+000 +/- 8.25E-001 4.5BE-001 +/- 7.24E-002
U-23% 0.995 4385 .50%* 7.83E-002 +/- 1.88E-001 3.94E-001 +/- 6.23E-002
U-238 0.993 4784 .4Q0%* 1.60E+000 +/- 7.478E-001 4.80E-001 +/- 7.59E-002

Gl3lis
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= Apex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Gecmetry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Numbexr:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguisition Date/Time:
Acguisition Live Time:
Boguisition Real Time:

Tracer Certificate:
Tracer Quantity:

Alpha” b

ENGWESAQ(0S
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001z28l
1508106A-0U0

08

Shelf 2

U iso

Alpha 047
020305964

91086

System Bkgd 128412
<not performed:>

3.920F-001 +/- 0.000E+000 sample
5/27/2015 6:10:54 AM
9/8/2015 8:04:55% AM

170.0 minutes

170.0 minutes

U232 _UU-10A
0.601 mL

Ef fective Efficiency: 0.1654 +/- 0.0101
Counting Efficiency: 0.1650 +/- 0.002% on 10/25/2014 3:23:35 PM
Chem. Recovery Factor: 1.0024 +/- 0.0637
Peak Match Tolerance: 0.150 MeV
————— PEAK AREA REPORT -———-
Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.277 313.32 11.09 0.68 0.0C0E+000 35.4
U-234 4.71l6 52.66 27.11 0.34 0.00E+000 8.9
U-235 4.349 0.66 305.43 0.34 0.00E+000 3.0
U-238 4.138 45.32 28.37 0.68 0.00E+000 8.9
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSTS RESULTS -————-
Id Energy Activity MDA
Nuclide Conf. (keV) {pCi/gample) {(pCi/sample)
U-232 0.99¢6 5302.50% 1.29E4001 +/- 1.54E+000 2.32E-001 +/- 2.77E-002
U-234 0.585 4761 .50% 2.16E+000 +/- 6.39E-001 1.96E-001 +/- 2.34E-002
U-235 0.921 4385.50% 3.33E-002 +/- 1.0Z2E-001 2.41E-001 +/- 2.89E-002
U-238 0.985 4184 .40% 1.85E+000 +/- 5.86E~-001 2.30FE-001 +/- 2.75E-002

G
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= Apex-Alpha

Sample Description: ENGWESAQ06
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001281
Batch Identification: 1508106A-UU
gample Identification: 09
Sample Geometry: Shelf 2
Procedure Description: J iso
Detector Name: Alpha_ 048
Chamber Serial Numbexr: 020305968
Detector Serial Number: 83111
Env. Background: System Bkgd 128413
Reagent Blank: «not performed:
Sample Size: 3.920E-001 +/- 0.000E+C00 sample
Sample Date/Time: 5/27/2015 6:10:54 AM
Acquisition Date/Time: 8/8/2015 8:04:58 RAM
Acquisition Live Time: 170.0 minutes
Acquigition Real Time: 170.0 minutes
Tracer Certificate: U232_UU-10A
Tracer Quantity: 0.600 mL
Effective Efficiency: 0.1709 +/- 0.0103
Counting Efficiency: 0.1700 +/- 0.0030 on 10/25/2014 3:27:02 PM
Chem. Recovery Factor: 1.0083 +/- 0.0632
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT m———-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.283 322.98 10.93 1.02 0.00E+000C 28.5
U-234 4.743 30.32 36.06 0.68 0.00E+000C 5.9
U-2356 4,398 -0.51 400.63 0.51 0.00E+000 0.0
U-238 4.1456 27 .49 37.79 0.51 0.00E+000 5.9

T = Tracer Peak used for Effective Efficiency
----- NUCLIDE ANALYSIS RESULTS - ———
Id Energy Activity MDA

Nuclide Conf . (keV) (pCi/sample) {pCi/sample}
U-232 0.9297 5302,50% 1.28E+001 +/~ 1.52E+000 2.50E-001 +/- 2.96E-002
U-234 0.288 4761 .50% 1.20E+000 +/- 4.56E-001 2.23E~-001 +/- 2.64E-002
U-235 0.998 4385.50*% -2,49E-002 +/- 9.99E-002 2.58E-001 +/- 3.03E-002
U-238 0.990 4184 .40%* 1.08E+000 +/- 4.29E-001 2.07E-001 +/- 2.45E-002
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_==Apex-Alpha’

ENGWESAQOQ7
Y\ OR-ALPHAI\Canberra\ApexAlpha\Root\Data\00001281
15081L06A-UU

Sample Description:
Spectrum File:
Batch Identificaticon:

Sample Identification:

Sample Geometry:

Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:
Sample Date/Time:

Acquisition Date/Time:
Acquisition TLive Time:
Acquisition Real Time:

Tracer Certificate:

10

Shelf 2

U iso

Alpha 049
10006121A

49

System Bkgd 128414
<not performed:

3,920E-001 +/-

5/27/201% &
9/8/2015 8

Uz232_UU-10A

:10:54 AM
:06:26 AM

170.0 minutes
170.0 minutes

0.000E+000 sawple

L28E-002
.51E-002
.53E-002
.00E-0Q2

Tracer Quantity: 0.598 mL
Effective Efficiency: 0.1686 +/- 0.0102
Counting Efficiency: 0.1525 +/- 0.0027 on 12/13/2014 2:45:02 PM
Chem. Recovery Factor: 1,1055 +/- 0.0C700
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT —-————

Energy Net Pk Area 2mbient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(kaV)
U-232 T 5.280 317.66 11.00 G.34 0.00E+000 31.5
U-234 4.741 46.49 28.93 0.51 0.00E+000 3.5
U-~235 4,368 3.00 130.67 0.00 0.00E+000 3.0
U-238 4,145 42.98 30.31 1.62 0.00E+00Q0 4.3

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA

Nuclide Conf. {keV) (pCi/sample) (pCi/sample)
U-232 0.9296 5302.50%* 1.28E+00%1 +/- 1.52E+000 1.93E-001 +/- 2
U-234 0.997 4761.50% 1.87E+000 +/- 5.84E-001 2.L1E-001 +/- 2
U-235 0.998 4385.50% 1.498-001 +/- 1.95E-001 2.97E-001 +/- 3
U-238 0.%98%9 4184 .40% 1.72R+000 +/- 5.60E-001 2.52E-001 +/- 3
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Sample Description: ENGWESRQ008

Spectrum File: \\OR-ALPHAL\Canberra‘\ApexAlpha\Root\Data\00001281
Batch Identification: 1508106A-UU
Sample Identificatiocn: 11
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 050
Chamber Serial Number: 10006121B
Detector Serial Number: E5C
Env. Background: System Bkgd 128415
Reagent Blank: «not performed:
Sample Size: 3.920E-001 +/- O0.000E+C00 =sample
Sample Date/Time: 5/27/2015 6:10:54 AM
Acquisition Date/Time: 9/8/2015 8§:05:28 AM
Acguisition Live Time: 170.0 minutes
Acguigition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.598 mL
Effective Efficiency: 0.1579 +/- 0.0099
Counting Efficiency: 0.1428 +/- 0.0026 on 12/13/2014 2:43:592 PM
Chem. Recovery Factor: 1.1063 +/- 0.071%
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT —-————

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(keV)
U-232 T 5.280 297 .49 11.38 0.51 0.00E+000C 28.1
TJ-234 4.72% 26.32 38.78 0.68 0.00E+00C 6.7
U-235 4,427 6.32 82.73 0.68 0.0CE+000 3.0
U-238 4._.155 45.83 29.01 0.17 0.00E+000 4.9

T = Tracer Peak usged for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -—-=-
Id Energy Activity MDA

Nuclide Conf. {keV) {(pCi/sample) {pCi/gample)
U-232 0.897 5302 .50~* 1.28E+001 +/- 1.57E+000 2.26E-001 +/- 2.76E-002
U-234 0.993 4761 .50 1.13E+000 +/- 4.59E-001 2,42E-001 +/- 2.96E-002
U-2356 0.988 4385 .50%* 3.34E-001 +/- 2.80E-001 2.98E-001 +/- 3.63E-002
U-238 0.594 4184 .40* 1.96E+000 +/- 6.16E-001 1.78E-001 +/- 2.18E-002
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Sample Description: ENGWESAQ092
Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\O0001281
Batch Identification: 15081062~UU
Sample Identification: 12
Sample Geometry: Shelf 2
Procedure Degcription: U iseo
Detector Name: Alpha 051
Chamber Serial Number: 100061234
Detector Serial Number: 51
Env. Background: System Bkgd 128416
Reagent Blank: <not performeds
Sample Size: 3.920E-001 +/- 0.000E+000 sample
Sample Date/Time: 5/28/2015 6:10:54 AM
Acquisition Date/Time: 9/8/2015 8:05:30 AM
Acquigition Live Time: 170.0 minutes
Acguisition Real Time: . 170.0 minutes
Tracey Certificate: U232 UU-10A
Tracer Quantity: 0.601 mL
BEffective Efficiency: 0.196¢ +/- 0.0112
Counting Efficiency: 0.1524 +/- 0.0027 on 12/13/2014 2:42:37 PM
Chem. Recovery Factor: 1.2859 +/- 0.0768
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPCRT ==

Energy Net Pk Area Ambilent Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.285 371.11 10.22 2.89 0.00E+000 28.3
U-234 4.735 45.78 28.77 2.21 0.00E+000 4.9
U-235 4.384 1.49 190.02 0.51 0.00E+0CO 3.0
U-238 4.167 25.83 38.71L 0.17 0.00E+000 3.7

Id Energy Activity MDA
Nuclide Conf. (keV) {pCi/sample) (pCi/sample)
U-232 0.998 5302.50% 1.2%E+001 +/- 1.44E+000  3.03E-001 +/- 3.39E-002
Uu-z234 0.9585 4761 .50%* 1.58E+000 +/- 5.03E-001 2.76E-001 +/- 3.09E-002
U-2356 1.500 4385.50%* 6£.35E-002 +/- 1.21E-001 2.24E-001 +/- 2.50E-002
U-238 0.998 4184 .40%* 8.89E-001 +/- 3.58E-001 1.44KE-001 +/- 1.60E-002

éﬁghg
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< Apex-Alpha”

Sample Description: ENGWESAQ10
Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001281
Batch Identification: 1508106A-UU
Sample Tdentification: 13
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 052
Chamber Serial Number: 100061238
Detector Serial Number: 52
Env. Background: System Bkgd 128417
Reagent Blank: <not performeds:
Sample Size: 3.920E-001 +/- 0.000E+000 sample
Sample Date/Time: 5/28/2015 6:10:54 AM
Acquisition Date/Time: $/8/2015 8:05:31 AM
Acqguisition Live Time: = 170.0 minutes
Acgulsition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.600 mL
Bffective Efficiency: 0.1775 +/- 0.0105
Counting Efficiency: 0.1607 +/- 0.0029 on 12/13/2014 2:40:57 PM
Chem. Recovery Factor: 1.1048 +/- 0.0684
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -—————

Energy Net Pk Area Ambient kReagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.280 335.49 10.71 0.51 0.00E+000 18.3
U-234 4.74¢ 6l1.32 25.18 0.68 0.00E+0CC 14.7
T-235 4.380 4.32 102.62 0.68 0.00E+00Q0 2.8
U-238 4,163 44 .15 29.83 Q.85 0.00E+0G0O 8.1

————— NUCLIDE ANALYSIS RESULTS ----

Id Energy Activity MDA
Nuclide Conf. {keV} {(pCi/zample) (pCi/=ample)
U-232 0,996 5302 .50% 1.28E+001 +/- 1.49E+000 2.01E-00% +/- 2.33E-002
U-234 0.598 4761.50%* 2.34E+000 +/- 6.49E-001 2.15E-001 +/- 2.50E-002
U-235 1.000 4385 .50% 2.03E-001 +/- 2.10E-001 2.66E-001 +/- 3.09E-002
U-238 0.3997 4184.40% 1.68E+000 +/- 5.37E-001 2.27E-001 +/- 2.64E-002
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= Apex-Alpha” I

Sample Descripticon: ENGWESAQ1L
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001281
Batch Identification: 1508106A-UU
Sample Identification: 14
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 053
Chamber Serial Number: 10006122A
Detector Serial Number: 53
Env. Background: Syastem Bkgd 128418
Reagent Blank: <not performeds
Sample Size: 3,920E-001 +/- O0.000E+000 sample
Sample Date/Time: 5/27/2015 6:10:54 AM
Acquisition Date/Time: 9/8/2015 8:05:33 AM
Aequisition Live Time: 170.0 minutes
Acquisition Real Time: 17¢.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.529 nL
Effective Efficiency: 0.1824 +/- 0©.0107
Counting Efficiency: 0.1455 +/- 0.0026 cn 12/13/2014 2:39:33 PM
Chem. Recovery Factor: 1.2835 +/- 0.0769
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ————

Energy Net Pk Area 2mbient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backygnd Backgnd {keV)
U-232 T 5.28¢ 344 .32 10.57 .68 0.00E+000 24 .4
U-234 4.724 31.81 35.50 1.19 0.00E+0QC 3.5
J-235 4.448 1.83 152,56 0.17 0.00E+000 3.0
U-238 4.161 28.83 36.63 0.17 0.00E+00Q0C 3.0

Id Energy Activity MDA
Nuclide Conf. {keV} {pCi/sample) (pCi/sample)
0 1.28E+001 +/- 1.47E+000 2.10E-001 +/- 2.42E-002
G 1.18E+000 +/- 4.41E-C01 2.45E-001 +/- 2.81E-002
U-235 0.95973 4385.50% 8.38E-002 +/- 1.28E-001 1.%1E-001 +/- 2.20E-002
0 1.07E+000 +/- 4.09E-001 1.54E-001 +/- 1.77E-002
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguisition Date/Time:
Acguisgition Live Time:
Acguisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

Alpha”

ENGWESAO1Z

\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001281

1508106A-TUU
15

Shelf 2

U isgo

Alpha 054
10006122E
54

System Bkgd 128419
<not performeds

3.920E-001 +/

5/27/2015 6:10:54 AM

9/8/2015

U232 UU-10A
0.600 mL

.1586 +/- ©.0099

0
0.1452 +/- 0.0026 on 12/13/2014
1

.0924 +/- 0.0708

8:05:35 AM
170.0 wminutes
170.0 minutes

0.000E+00C sample

Reagent
Backgnd

2:38:19 PM

.00E+000C
.0CE+Q00
.Q0E+000C

0.150 MeV
PEAK AREA REPORT

Energy Net Pk Area ambient
Nuclide {MeV) Pk Area Error % Backgnd
U-232 T 5.283 2939.66 11.33 0.34
U-234 4.737 36.83 32.38 0.17
U-235 4.438 1.66 169.38 0.34
U-238 4.153 26.83 37.98 0.17

.GOE+000

2.05E-0¢C1
1.78E-001
2.52E-001
1.77E-001

MDA

.50E-002
L17E-002
LO07E-002
.16E-002

1id Energy Activity
Nuclide Conf. {keV} {pCli/sample;
U-232 0.997 5302.5C% 1.288+001 +/f 1.5784000
U-234 0.996 4761 .50% 1.57E+000C +/- 5.44FE-001
U-23% 0.981 4385.60%* 8.75E-002 +/- 1.4%E-001
U-238 0.993 4184 .40%* 1.14E+000 +/- 4.55E-001

Ac

af sl
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ROI Type: 1
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_=Apex-Alpha”

Sample Description: ENGWESAOL3
Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\OOOOlQBl
Batch Identification: 1508106A-UU
Sample Tdentification: 16
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 055
Chamber Serial Number: 100061244
Detector Serial Number: &5
Env. Background: System Bkgd 128420
Reagent Blank: <not performed:
Sample Size: 2.840E-001 +/- 0.C00E+000 sample
Sample Date/Time: 5/27/2015 6:10:54 BM
Acquisition Date/Time: 8/8/2015 8:05:37 AM
Acquigition Live Time: 170.0 minutes
Acquigition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.600 mi
Effective Efficiency: 00,1101 +/- 0.0081
Counting Efficiency: 0.1564 +/- 0.0028 on 12/13/2014 2:35:48 PM
Chem. Recovery Factor: 0.7039 +/- 0.0530
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV}
U-232 T 5.280 208.15 13.62 0.85 0.00E+000 1l2.6
U-234 4.733 8.81 71L.06 1.19 0.00E+000 3.0
U-235 4.367 0.83 23%.53 0.17 0.00E+000 3.0
U-238 4.124 9.489 65.59 0.51 0.00E+Q00 3.0

Id Energy Activity MDA
Nuclide Conf. {keV} {pCi/sample) {pCi/sample)
U-232 0.99¢6 5302.50%* 1.77E+001 +/- 2.54E+000 5.10E-001 +/- 7.31E-002
U-234 0.994 4761 .50% 7.48E-001 +/- 5.42E-001 5.89E-001 +/- 8.03E-002
U-235 0.998 4385.50% 8.69E-002 +/- 2.09E-001  4,37E-001 +/- 6.27H-002
U-238 0.974 4184 ,40%* 8.02E-001 +/- 5.39E-001 4.44E-001 +/- 6.36E-002

G
s
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B Live Time :10200.000 sec
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= start:  1:3450.8(kev)
B Stop ¢ 1024:6483.7(kev)
B AC(. Start :Tue Sep 08 08:05:37 2013
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_ZApex-Alpha”

QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date  :9/8/2015
Time : 5:51:18 AM

9/8/2015  5:51:19 AM

CHAMBER DEVICE PARAMETER FLAG DATE

Alpha 001 21f ALL Not Done

Alpha 002 217 ALL Not Done

Alpha 003 2if ALL Passed 9/8/2015 5:18:49 AM
Alpha 004 21f ALL Passed 9/8/2015 5:18:50 AM
Alpha 005 21f ALL Not Done

Alpha 006 21f ALL Not Done

Alpha 007 21f ALL Not Done

Alpha 008 21f ALL Not Done

Alpha 009 211 ALL Not Done

Alpha 010 21f ALL Passed 9/8/2015 5:18:51 AM
Alpha 011 21f ALL Passed 9/8/2015 5:18:51 AM
Alpha 012 21f ALL Passed 9/8/2015 5:18:52 AM
Alpha 013 21f ALL ¥ Not Done

Alpha 014 21f ALL O Passed 9/8/2015 5:18:53 AM
Alpha 015 21f Peak Fnergy W Action 9/8/2015 5:18:54 AM
Alpha 016 21f ALL Not Done

Alpha 033 Alpha Analyst1 00DC ALL Passed 9/8/2015 5:18:55 AM
Alpha 034 Alpha Analyst100DC ALL Passed 9/8/2015 5:18:57 AM
Alpha 035 Alpha Analyst100DC ALL Passed 9/8/2015 5:18:58 AM
Alpha 036 Alpha Analyst100DC ALL Passed 9/8/2015 5:18:59 AM
Alpha 037 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:01 AM
Alpha 03§ Alpha Analyst100DC Peak Energy Action 9/8/2015 5:19:02 AM
Alpha 039 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:04 AM
Alpha 040 Alpha Analyst100DC ALL Passed 9/8/20015 5:19:05 AM
Alpha 041 Alpha Analyst100DC ALL Passed 0/8/2015 5:19:07 AM
Alpha 042 Alpha Analyst[00DC ALL Passed 9/8/2015 5:19:09 AM
Alpha 043 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:10 AM
Alpha 044 Alpha Analyst160DC ALL Passed 9/8/2015 5:19:12 AM
Alpha 045 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:14 AM
Alpha 046 Alpha Analyst1 60DC ALL Passed 9/8/2015 5:19:15 AM
Alpha 047 Alpha Analyst]60DC ALL Passed 9/8/2015 5:19:17 AM
Alpha 048 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:19 AM
Alpha 049 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:21 AM
Alpha 050 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:22 AM
Alpha 051 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:24 AM
Alpha 032 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:27 AM
Alpha 053 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:29 AM
Alpha 054 Alpha Analyst160DC ALL Passed 9/8/2015 5:19:32 AM
Alpha 055 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:35 AM
Alpha 056 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:38 AM
Alpha 057 Alpha Analyst100DC ALL Passed 9/8/2013 5:19:41 AM
Alpha 058 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:44 AM




Page 2 of 2 Review ot (JA Hesults - Fulser Check
9/8/2015 5:51:1¢ AM
CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 039 Alpha Analyst130DC ALL Passed 9/8/2015 5:19:47 AM
Alpha 060 Alpha Analyst100DC ALL Passed 9/8/2015 5:19:50 AM
APPROVED BY: &

P
APPROVAL DATE: ___ J/ E~—"




Library Listing Report 6/12/12 12:17:04 PM Page 1

Ak kAR Ak A F A AR AT R R R AR AR A IR R A I T A AN TR IR AR R AT F I IR R I IR I AR A AR I A I RA IR hhkh*
kA K LIBRARY LISTING REPORT khkk*x

**‘k'k**"k*'ir******************************************************‘k***‘k*****

Nuclide Library Title: Uranium

Nuclide Library Description: U-232,-234,-235,-238

Nuclide Half-Life Energy Energy Yield Yield

Name (Seconds) {kev ) Uncert. {kev )} {%) Uncert. (Abg.+-)
U-232 2.174E+009 5302.500%* 0.000 29,8000 0.0000
U-234 7.731E+012 4761 .500% £.000 92.8000 0.0000
U-235 2.221E+016 4385.500% 0.000 80.92000 0.0000
U-238 1.410E+017 4184.400% 0.000 100.2300 0.0000

* = key line

TOTALS: 4 Nuclides 4 Bnergy Lines




SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)




e
llIuE-Z*

S 15-08106 P S3201 0241
Analysis Sheet ThISO
Run 1
Work Order 08106 e | Samme S e

Analysis Code ThiSO 01 LCs LCS 08/26/15 00:00 1.0000E+00
Run 02 | MBL BLANK 08/26/15 00:00 1.0000E+00
Date Received 8/25/2015 03 DUP WEWKEE%‘WESAOM 45 : 05/25}55'65;30 P 1.9600E-01
Lab Deadline 9/1 5/201;_ - 04 | TRG ENGWESAQ01 36 05/27/15 16:12 |  2.8400E-01
 Chient ";Q;Eé;;és;ésaté;, Inc. 05 DO ENGWESAQ02 45 05/28/15 08:30 1.9600E-01
Project  WESTLAKE 06 TRG ENGWESA003 36 05/28/15 09:06 3.9200E-01
Report Level 4 o7 | TRG  ENGWESA004 35 05/28/1509:30 | 3.9200E-01
ActivityUnits | pCi 08 | TRG ENGWESAQ05 46 | 0527M151508  39200E-01
AiquotUnits | g 09 | TRG ENGWESA006 43| 0527151650  3.9200E-01
 Mawix | AF 1l 10 | Tre ENGWESA007 40 05/27/15 12:00 3.9200E-01
© Method | EMLTh-01 Modified || 11 TRG  ENGWESAQ08 39 05/27115 15:38 i ' 3.9200E-01
" Instrument Type Alpha Spectros{:&b; 12 | TRG ENGWESA009 41 | 05/28/15 10:42 3.9200E-01
Radiometric Tracer | Th-228 || 13 | TRG ENGWESAD10 43 | 0528151106 3.9200E-01
" Radiometric Sol# Th-18a 14 | TRG . ENGWESAO11 44 05271150910 3.9200E-01
Tracer Act (dpm/g) 22.46 15 | TRG ENGWESA012 42 05/27/15 10:38“1“”" ' 3.9200E-01
| Carrier 16 | TRG ENGWESAO13 | 41 05/27/15 11:17 ‘  2.8400E-01
_C_;;.i;r..c...‘_n;c.(mg’,,n;],},,, SO

* BAF1 is used for Gross Alpha and ail other radionuclides. SAF2 is used for Gross Beta only.
** Actual mass exceeded the calibration curve range. Results should be quatified as appropriate.

* Indicates estimated SAF value.




Eberline Services 15-08106 Printed: 9/8/2015 5:02 AM

Analysis hact ThISO Fogeets
Run 1
internal Sample Tracer : Tracer Total Radiometric | Radiometric | Grav Carrier Grav Fifter Grav Filter Grav Filter Grav Mean | SAF SAF
Fraction Desc Aliquot (g) ACT (dpm) Tracer (pCi) % Rec Added (ml) Tare (g) Final (g) : Net (g) % Rec % Rec 1™ 2*
01 | LCS | 04707 106 000 1
02 | MBL | 0.2344 5.3 . 000
03 | DUP | 02343 5.3 0.00 o
04 | TRG & 02342 53| 0.00 ‘ ]
| 05 | DO 0239 53| 0.00
06 | TRG 02338 53 | . o000 e
07 | TRG 02331 52 0.00
08 | TRG  0.2340 5.3 0.00 5 _ _
09 ) TRG 0.2335 52 - 0.00 N
o T | om e R B _
1 | TRG 02316 5.2 0.00 7
12 | TRG 02336 52| 000 o
13 TRG | 02330 52| . 000
14 | TRG | 02336 52 0.00
15 | TRG | 02332 52 000 1 1
16 | TRG | 02332 52 000 . ]
e | ! |

IS

* SAF1 is used for Gross Aipha and all other radionuclides. SAF2 is used for Gross Beta only.  * indicates estimated SAF value.
** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Eberline Services _ Printed: 9/8/2015 5:02 AM
Ok Ridgs Laborstory 1508708
Run 1
Inferral Sample Rough Prep Rough Prep Prep Prep Sep 10 Sep t0 : Sep t1 Sep £
Fraction Desc Date By Date By Date/Time By Date/Time By
01 LCS 098/03/1507:18 JWOLFE
” 02 MBL - 09/03/15 07:18 JWOLFE
03 buUpP “ 6&03:‘1 507:18 JWOLFE
04 TRG 09/03/15 07:18 | JWOLFE S ' .....
05 DO : 09/03/15 07:18 . JWOLFE '
06 TRG _ ‘ 09/03/15 07:18 MIJWOE_FE
| 0.7. TRG 1 09/03/15 07:18 JWOLFE
08 TRG 0.9}-03/15 07:18 JWOLFE - 7
09 TRG 09!03:"1 5 .07:;153. JWOLFE I
10 ) TRG 09!03;’; 5707:18 . JWOLFE 7
11 TRG 09/03/M1 50718 A’VOLFE
12 TRG | 09103/1 5“(“)7:18 JWOLFE h o
13 | TRG | 09/;03115 07:18. JWOLFE -
* osoansorie | awoLre |
“ -16 ' TRG . 09/03!;5_07:18 JWOLFE
I L o

* S5AF1 is used for Gross Alpha and alt cther radionuclides. SAF2 is used for Gross Beta only.

** Actua! mass exceeded the calibration curve range. Results should be qualified as appropriate.

A Indicates estimated SAF value.




Ebertine Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM

Oak Ridge Laboratory Work Order: 15-08106-ThISO-1 - Page Tof3

Lab . Sample Client Activity - LCS LGS LCS RPO MDA Blank
Fraction Nuclide Desc Identification Units Results Error Estimate MDA Known %R Flag Flag Flag Flag
01 TH-228 LCS LCs pCils 5.50E+00| 910E-01| 1.19E-01| 4.79E+00| 114.72 0K oK
. 02 TH-228 MBL BLANK pCils 2.62E-02| 5.10E-02| 9.54E-02 OK OK
3 b :
o
03 TH-228 DUP ENGWESAD02 pCifs 6.43E-01! 5.16E-01] 4.62E-01 OK oK
04 TH-228 TRG ENGWESA001 pCils 3.89E-01| 2.96E-01] 3.07E-01 OK
-]}
1 Q .
] 75 05 TH-228 oo ENGWESAQ02 pCils 5.26E-01| 4.28E-01] 5.01E-D1 OK
R
in T
2 & 06 TH-228 TRG ENGWESADO3 pClis 8.91E-01| 3.69E-01| 1.77E-01 oK
= -
<
07 TH-228 TRG ~ ENGWESAD04 pCils 1.23E+00| 4.48E-01; 1.77E-01 CK
b 08 TH-228 TRG ENGWESAQN05 pCils 1.01E+00| 4.06E-01| 2.55E-01 0K
by
Q -
§ - 0% TH-228 TRG ENGWESAQ06 pCils 8.19E-01| 3.58E-01| 1.83E-01 OK
in
k] e 10 TH-228 TRG ENGWESADQ7 nCifs 1.76E+00] 5.65E-01| 1.87E-01 ‘ oK
E L__J
4
Z 11 TH-228 TRG ENGWESAQD08 pCils 1.15E+00 4.25E-01 1.88E-01 oK
£
& 12 TH-228 TRG ENGWESA009 pCils 2.50E-01| 2.05E-01| 2.02E-01| oK
o 13 TH-228 TRG ENGWESA010 pGils 1.20E4+00| 5.03E-01} 2.15E-01 oK
[
T 14 TH-228 TRG ENGWESAG11 pCils 6.88E-01| 3.43E-01| 2.72E-01 OK'
7]
Q
-la 15 TH-228 TRG ENGWESAQ12 pCils 9.48E-01| 3.87E-01| 1.81E-01 ) OK
- 2 o TH-228 TRG ENGWESA013 pCils 1.49E+00{ 5.83E-01| 2.57E-01 oK
= Q
2 n
3 0N
<
o3
=
2
>
=
<




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM

Pk Ridge Laboratory Work Order: 15-08106-ThISO-1 Page 2of3

Lab . Sample Sample Samptie Radiometric Grav Mean Sep to Sep t1
Fraction Nuclide Cesc Date Aliquot % Rec % Rec % Rec SAF DatefTime Date/Time
01 TH-228 LCS 08/26/15 00:00 1.00E+00 105.85 0.00 0.00
0z TH-228 MBL 08/26/15 00:00 1.00E+00 116.07 0.00 0.00
=5 b o
&
03 TH-228 bUP 05/28/15 08:30 1.96E-01 94.62 0.00 0.00
04 TH-228 TRG 05/27/15 16:12 2.84E-01 123.63 0.00 0.00
20
3 073 05 TH-228 Do 05/28/15 08:30 1.96E-01 137.88 0.00 0.00
7]
2 = 06 TH-228 TRG 05/28/15 09:06 3.92E-(1 123.41 0.00 0.00
& = _
07 TH-228 TRG 05/28/15 09:30 3.92E-01 124.08 0.00 0.00
3 08 TH-228 TRG 0527115 15:08 3.92E-01 135.19 0.00 0.00
b
Q -
§ - 09 TH-228 TRG 05/27M15 16:50 3.92E-01 119.15 0.00 0.00
w
8 s 10 TH-228 TRG 05/27/15 12:00 3.92E-01 123.34 0.00 0.00
E L]
&
‘g 11 TH-228 TRG 05/27115 15:38 3.92E-01 139.07 0.00 0.00
£
§ 12 TH-228 TRG 05/28/15 10:42 3,92E-01 107.99 0.00 0.00
3 13 TH-228 TRG 05/28/15 11:06 3.92E-01 102.11 0.00 0.00
=
- 14 TH-228 TRG 05/27/15 09:10 3.92E-01 126.57 0.00 0.00
0
O
= 15 TH-228 TRG 05/27/1% 10:36 3.92E-01 120.45 0.00 0.00
= 8 16 TH-228 TRG 0572715 11:17 2.84E-01 123.88 0.00 .00
8 ] —
G 0
e
o
| =
Q2
g 3
£ =
ud <L

Lrua
mL s




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM

sk Ridge Laboratory ~ Work Order: 15-08106-ThISO-1 Page 3013

Lab . Sample Counting Halflife - Count Bkg
Fracfion Nuelide Desc Date/Time {days} Detect Carrier Time Countls CPM Eff
01 TH-228 LCS 09/08/15 08:06 A_Spec |Alpha_058 170|3.51 E+02 |1.10 E-02 16
02 TH-228 MBL, 09/08/15 08:06 A_Spec |Alpha_0s7 170(1.81 E+00 |7.00 E-03 15.8
g
03 TH-228 pup 09/08/16 08:06 A_Spec |Alpha_058 170/6.66 E+00 |2.00 E-03 16.4
04 TH-228 TRG 09/08/15 08:06 A_Spec |Alpha_p6% 170{7.98 E+00 |6.00 E-D3 17.2
g O
o ) 05 TH-228 Do 09/08/15 08:06 A_Spec |Alpha_060 170{7.47 E+00 |9.00 E-03 15.4
b4
U) L]
= 06 TH-228 TRG 09/08/15 08:25 A_Spec |Alpha_033 170|2.65 E+01  |3.00 E-03 18
| -
07 TH-228 TRG 09/08/15 08:25 A_Spec |Alpha_034 170{3.65 E+01  [3.00 E-03 17.9
3 08 TH-228 TRG 09/08/15 08:25 A_Spec |Alpha_035 170|3.01 E+01  |1.10 E-02 16.5
[~y
(%] -
E - 09 TH-228 TRG 09/08/15 08:25 A_Spec |Alpha_D36 170/2.35 E+01 |3.00 E-03 18,1
0
3 W 10 TH-228 TRG 09/08/15 08:25 A_Spec [Alpha_037 170{4.95 E+01 |3.00 E-03 17.1
E -
L
E 14 TH-228 TRG 09/08/15 08:26 A_Spec |Alpha_038 170(3.43 E+01  |4.00 E-03 16.2
&S
é 12 TH-228 TRG 09/08/15 11:18 A_Spec |Alpha_033 170|6.49 E+00  |3.00 E-03 18
o 13 TH-228 TRG 09/08/15 11:18 A_Spec |Alpha_034 170{3.15 E+01  |3.00 E-03 17.9
c
T 14 TH-228 TRG 08/08/15 11:18 A_Spec |Alpha_035 170|1.91 E+01  |1.10 E-02 16.5
@ .
@
= 15 TH-228 TRG 09/08/15 11:18 A_Spec |Alpha_036 170|2.75 E+01  |3.00 E-03 18.1
- 8 16 TH-228 TRG 09/08/15 11:18 A_Spec |Alpha_037 17013.08 E+01 [3.00 E-03 17.1
g 0
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM
Oak Ridge Laboratory . Page 1 of 3
Work Order: 15-08106-ThiSO-1 9
ot Lab . Sample Client Activity . LCS LCS LGS RPD MDA Blank
Fraclion Nuclide Desc identification Units Results Evror Estimats MDA Known %R Flag Flag Flag Flag
01 TH-230 LCS LCS pCils 6.39E+00| 1.03E+00| 8.22E-02| 5.33E+00; 119.75 OK OK
02 TH-230 MBL BLANK pCils 6.02E-02| 6.52E-02] B8.68E-02 OK OK
§o- |
03 TH-230 DUP ENGWESADO2 pCils 9.30E-01} 5.92E-01] 4.17E-01 OK - OK
¢4 TH-230 TRG ENGWESAD01 pCils 1.01E+00| 4.42E-01| 1.84E-01 oK
g O
O 7)) 05 TH-230 jule] ENGWESA002 pCifs 1.19E+00| 5,75E-01| 3.04E-01 OK
4 .
U) —
= . ol 06 TH-230 TRG ENGWESAD02 pCils 1.21E+00| 4.18E-01] 1.45E-01 OK
< b= :
07 TH-230 TRG ENGWESA004 pCifs 1.37E+D0| 4.56E-01 1.83E-01 oK
g 08 TH-230 TRG ENGWESAQDS pCifs 1.27E+00| A4.32E-01| 1.45E-01 OK
Q -
§ et 0% TH-230 TRG ENGWESADO6 pCils 1.32E+00| A4.48E-01| 1.31E-01 OK
§ whe 10 TH-230 TRG ENGWESA007 pCils 2.31E+00| 6.47E-01| 1.93E-01 OK
E -
1
e 41 TH-230 TRG ENGWESAD08 pCils 1.35E+00| 4.46E-01| 1.44E-01 OK
[~
£
§ 12 TH-230 TRG ENGWESAD09 pCils 9.26E-01| 3.84E-01| 1.66E-01 OK
T 13 TH-230 TRG ENGWESAD010 pCils 1.82E+00| 5.95E-01| 2.22E-01 OK
=
- 14 TH-230 TRG ENGWESA011 pCits 1.558+00| 5.03E-01| 1.55E-01 OK
()
[V
o 15 TH-230 TRG ENGWESAD12 pClis 1.49E+00| 4.81E-01| 1.30E-01 OK
- b 16 TH-230 TRG ENGWESAQ013 pCi/s 1.81E+00| 6.27E-01| 2.65E-01 OK
1.
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM

Ok Ridge Laboratory Work Order: 15-08106-ThISO-1 Page 20f3

Lab . Sample Sample Sampls Radiometric Grav Mean Sep td Sep t1
Fraction Nuclicle Dasc Date Aliquot % Rec % Rec % Res SAF Date/Time Date/Time
01 TH-230 LCS 08/26/15 00:00 1.00E+00 105.85 0.00 0.00
- 02 TH-230 MBL 08/26/15 00:00 1.00E+00 116.07 0.00 0.00
g| v
03 TH-230 bup 05/28/15 08:30 1.96E-01 94.62 0.00 0.00
04 TH-230 TRG 05/27/15 16:12 2.84E-01 123.63 0.00 0.00
g O
Q ) 05 TH-230 DO 05/28/15 08:30 1.96E-01 137.88 0.00 0.00
A
" ——
= L= 06 TH-230 TRG 05/28/15 09:06 3.92E-01 123.41 0.00 0.00
| b=
o7 TH-230 TRG 05/28/15 09:30 3.92E-01 124.06 0.00 0.00
g 08 TH-230 TRG 05/27/15 15:08 3.92E-01 135.19 0.00 0.00}
e
Q -
§ - 0% TH-230 TRG 05/27/15 16:50 3.92E-01 118.15 0.00 0.00
3 i 10 TH-230 TRG 05/27/15 12:00 3.92E-01 123.34 0.00 0.00
a L)
£
3 11 TH-230 TRG 05/27/15 15:38 3.92E.01 139.07 0.00 0.00| "
ﬁ 12 TH-230 TRG 05/28/15 10:42 3.92E-01 107.99 0.00 0.00
o 13 TH-230 TRG 05/28/15 11:06 3.92E-01 102.11 0.00 0.00
o
- 14 TH-230 TRG 05/27/15 09:10 3.92E-01 126.57 0.00 0.00
/o]
o]

- 15 TH-230 TRG 05/27/15 10:36 3.92E-01 120.45 0.00 0.00|
® 8 16 TH-230 TRG 05127M5 11:17 2.84E-01 123.88 0.00 ¢.00
g ]
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM

Oak Ridge Laboratory Work Order: 15-08106-ThISO-1 Page 3013

Lab . Sample Counting Halflife N Count Bkg
Fraction Nuclide Desc Date/Time (days) Detect Casrier Time Counts CPM Eff
01 TH-230 LCS 09/08/15 08:06 A_Spec |Alpha_058 170]4.07 E+02 [3.00 E-03 16
02 TH-230 MBL. 08/08/15 08:06 A_Spec |Alpha_057 170|4.15 E+00  |5.00 E-03 15.8
E] b
03 TH-230 DUP 09/08/15 08:06 A_Spec |Alpha_058 17011.07 E+01  |2.00 E-03 16.4
04 TH-230 TRG 09/08/15 08:06 A_Spec |Alpha_059 170|2.28 E+01  |1.00 E-03 17.2
Q
3 O
) 7 05 TH-230 Do 09/08/15 08:06 A_Spec |Alpha_060 170{1.87 E+01 12,00 E-03 15.4
9 -
w -
2 i o 06 TH-230 TRG 09/08/15 08:25 A_Spec |Alpha_033 170(3.97 E+01 | 2.00 E-03 18
2! b
07 TH-230 TRG 09/08/15 08:25 A_Spec |Alpha_034 170|4.50 E+01  |0.00 E+00 17.9
$ 08 TH-230 TRG 09/08/15 08:25 A_Spec |Alpha_035 170/4.17 E+01 | 2.00 E-03 16.5
P,
o -
§ - 09 TH-230 TRG 09/08/15 08:25 A_Spec |Alpha_036 170|4.18 E+01  |1.00 E-03 18.1
w
8 WA/ 10 TH-230 TRG 09/08/15 08:25 A_Spec |Alpha_037 170{7.20 E+01 10.00 E+00 17.1
E -
Q
°é' 11 TH-230 TRG 09/08/15 08:26 A_Spec |Alpha_038 170|4.47 E+01 | 2.00 E-03 16.2
S
é 12 TH-230 TRG 09/08/15 11:18 A_Spec |Alpha_033 170|2.67 E+01  |2.00 E-03 .18
o 13 TH-230 TRG 09/08/15 11:18 A_Spec iAlpha_034 170:4.90 E+01  {0.00 E+00 17.9
o
. 14 TH-230 TRG 09108115 11:18 A_Spec |Alpha_035 170|477 E+01 |2.00 E-03 16.5
17}
-% 15 TH-230 TRG 09/08/15 11:18 A_Spec |Alpha_036 170/4.78 E+D1  |1.00 E-03 18.1
= 8 16 TH-230 TRG 05/08/15 11:18 A_Spec |Alpha_037 170{4.10 E+01  10.00 E+00 171
2 v
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM

Oak Ridge Laboratory Work Order: 15-08106-ThiSO-1 Page 1 of 3

Lab . Sampla Client Activity . LCS LCs L.CS RPD MDA Blank
Fraction Nuclicte Desc Identification Units Results Error Bstimate MBA Known %R Flag Flag Flag Flag
01 TH-232 LCS LCs pCiis S544E+00) 9.01E-01| 1.07E-01| 4.79E+00! 113.50 OK oK
02 TH-232 MBL BLANK pCils -2.46E-03| 2.8BE-02| 6.04E-02 oK OK
3 o
03 TH-232 DurP ENGWESAQ02 pCifs 3.76E-01| 3.92E-01] 4.91E-01 NA OK
¢4 TH-232 TRG ENGWESA001 pCils 1A7E-01) 1.52E-01| 2,10E-04 OK
1]
o
S 05 TH-232 DO ENGWESAQ02 pCils 5.08E-01| 3.82E-01 3.81E-01 OK
)
v
£ 06 TH-232 TRG ENGWESA003 nCifs 3.89E-01] 2.23E-01] 1.27E-01 OK
i~
<
07 TH-232 TRG ENGWESAO04 pCi/s 6.35E-01| 2.80E-01| 1.27E-01 OK
g 08 TH-232 TRG ENGWESA005 pCils 5.00E-01] 2.57E-01| 1.59E-01 OK
ey
o
§ 09 TH-232 TRG ENGWESAD06 pCifs 7.07E-01| 3.15E-01] 1.B5E-01 CK
W
8 10 TH-232 TRG ENGWESA007 pCils 6.68E-01| 3.06E-01| 1.34E-01 oK
3
Ll
2 11 TH-232 TRG ENGWESADOS pCiis 3.56E-01| 212E-01]| 1.26E-01 OK
5
& 12 TH-232 TRG ENGWESAD09 pCiis 3.06E-01| 2.10E-01| 1.45E-01 OK
4 13 TH-232 TRG ENGWESAG10 pCiis 6.60E-01| 8.27E-01 1.54E-01 OK
c
- 14 TH-232 TRG ENGWESA011 pCifs 6.97E-01| 3.18E-01| 1.70E-01 oK
77
% 15 TH-232 TRG ENGWESAD12 pCils 4.831E-01| 2.55E-01] 1.63E-01 OK
b 8 16 TH-232 TRG ENGWESAQ13 pCils 7.42E-01| 3.75E-01| 1.84E-01 OK
g )
] 7
<
o
|5
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Eberline Services Preliminary Data Report & Analytical Calculations | Printed: 9/8/2015 3:20 PM

Ok Ridge Laboratory | Work Order: 15-08106-ThISO-1 Page 2r3

Lab Nuclid Sample Sample Sample Radiometric Grav Mean SAF Sep t0 Sep ttf
Fraction uchids Desc Date Aliguot ) % Rec¢ % Rec % Rec Date/Time Datel/Time
01 TH-232 LCS 08126/ 5 00:00 1.00E+00 105.85 0.00 0.00
02 TH-232 MBL 08/26/15 00:00 1.00E+0D 116.07 0.00 0.00
g v
03 TH-232 DUP 05/28/15 08:30 1.96E-01 94.62 0.00 0.00
04 TH-232 TRG 05/27/15 16:12 2.84E-01 123.63 0.00 0.00
@
30 O
Q 7 05 TH-232 DO 05/28M5 08:30 1.96E-01 137.88 0.00 0.00
k]
m O
2| L= 06 TH-232 TRG 05/28/15 09:08 3.92E-01 123.41 0.00 0.00
g b=
07 TH-232 TRG 05/28/15 09:30 3.92E-01 124.06 0.00 : 0.00
3 08 TH-232 TRG 05/27/15 15:08 3.92E-01 135.19 0.00 0.00
I
0 -
'§ - 0% TH-232 TRG 05/27/15 16:50 3.92E-01 119.15 0.00 0.00
1]
K e i0 TH-232 TRG 05127115 12:00 3.92E-01 123.34 0.00 0.00
E L)
7}
g 11 TH-232 TRG 05/27/15 15:38 3.92E-01 139.07 0.00 0.00
£
§ 12 TH-232 TRG 05/28/15 10:42 3.92E-01 107.9% 0.00 0.00
4 13 TH-232 TRG 05/28/15 11;06 3.92E-1 102,11 0.00 0.00
c : ]
. 14 TH-232 TRG 05/27/15 09:10 3.92E-01 126.57 0.00 0.00
7]
% 15 TH-232 TRG 05/27/15 10:36 3.92E-01 120.45 0.00 0.00
= 8 16 TH-232 TRG 05/27/15 11:17 2.84E-01 123.88 0.00 0.00
8 n
o 0
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM

Oak Ridge Laboratory Work Order: 15-08106-ThISO-1 Page 3 of

tab . Sample Gounting Halflife . Count Bkg
Fraction Nuclide Desc Date/Time (days} Detect Carrier Time Counts CPM Eef
01 TH-232 Lcs 09/08/15 08:06 A_Spec |Alpha_056 17013.48 E+02 (8.00 E-03 16
- 02 TH-232 MBL 09/08/15 08:06 A_Spec |Alpha_057 170|-1.70 E-01 |1.00 E-03 15.8
] m
&
03 TH-232 DUP 09/08/15 08:08 A_Spec |Alpha_058 170)4.32 E+00  |4.00 E-03 16.4
04 TH-232 TRG 09/08/15 08:06 ' A_Spec |Alpha_05% 170|2.86 E+Q0  |2.00 E-03 17.2
L
2 O
) 7p 05 TH-232 DO 09/08/15 08:06 A_Spec |Alpha_080 170|8.00 E+00 {0.00 E+00 15.4
'é E—
5 o 06 TH-232 TRG 09/08/15 08:25 A_Spec |Alpha_033 170{1.28 E+01  |1.00 E-03 18
3 b
07 TH-232 TRG 09/08/15 08:25 A_Spec |Alpha_034 170|2.08 E+01 |1.00 E-03 17.9
& 08 TH-232 TRG 09/08/15 08:25 A_Spec |Alpha_03§ 170(1.65 E+01  [3.00 E-03 16.5
.
4]
§ 0% TH-232 TRG 09/08/15 08:25 A_Spec |Alpha_036 170{2.25 E+01  |3.00 E-03 18.1
wy
8 10 TH-232 TRG 08/08/15 08:25 A_Spec |Alpha_037 170{2.08 E+01 |1.00 E-03 17.4
2
L
E 11 TH-232 TRG 09/08/15 08:26 A_Spec |Alpha 038 170(1.18 E+01  |{1.00 E-03 16.2
S
L,% ‘ 12 TH-232 TRG 09/08/15 11:18 A_Spec [Alpha_033 170(8.83 E+00 |1.00 E-03 18
o 13 TH-232 TRG 09/08/15 11:18 A_Spec | Alpha_034 170]1.78 E+01  |1.00 E-03 17.9
c
- 14 TH-232 TRG 09/08/15 11:18 A_Spec |Alpha_035 1701215 E+01  |3.00 E-03 16.5
0
Q
-:-‘; 15 TH-232 TRG 09/08/15 11:18 A_Spec |Alpha_036 170(1.55 E+01 [3.00 E-03 18.1
= g 16 TH-232 TRG 09/08/15 11:18 A_Spec |Alpha_037 170/1.68 E+01 |1.00 E-03 17.1
£ v
G ]
=L
of)
B
2
>
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM

Oak Ridge Laboratory Work Order: 15-08106-ThISO-1 Page 1 of 3

Labk . Sample Client Activity - LCS Les LCS RPD MDA Blank
Fraction Nuclide Desec Identification Units Resuits Exror Estimate MDA Known R Flag Flag Flag Flag
.:! 02 TH-227 MBL BLANK pCifs 1.63E-01| 1.04E-01| 8.90E-02 OK oK
g T
03 TH-227 DuP ENGWESA002 pCiis 4.35E-01) 4.04E-01| 3.76E-01 NA oK
04 TH.227 TRG ENGWESA001 pCifs 6.21E-01| 3.48E-01] 2.17E-01 OK
: O
8 v 05 TH-227 DO ENGWESA002 pCirs 3.06E-01 2.94E-01| 3.14E-01 OK
R
UJ nk—
2 o 0e TH-227 TRG ENGWESAD03 pClis 2.82E-01] 2.01E-01] 1.98E-01 OK
<! |
07 TH-227 TRG ENGWESA0D4 pCils 2.84E01| 2.00E-01| 1.89E-01 OK
k 08 TH-227 TRG ENGWESA005 pCils 2.93E-01| 2.01E-01| 1.77E-01 OK
By
0 -
E et 09 TH-227 TRG ENGWESA006 pCils 4.44E-01| 2.58E-01] 2.23E-01 0K
w
8 A 10 TH-227 TRG ENGWESAQD07 pClfs 3.26E-01| 2.12E-01| 1.38E-01 CK
e - i
O
‘S,; 11 TH-227 TRG ENGWESAQ08 pCls 1.45E-01] 1.39E-01| 1.49E-01 OK
£
ﬁ 12 TH-227 TRG ENGWESA009 pCils 1.43E-01| 1.62E-01| 2.26E-01 oK
o 13 TH.227 TRG ENGWESAD10 pCiis 3.83E-01| 2.57E-01| 2.30E-01 OK
=
s 14 TH-227 TRG ENGWESA011 pCils 2.79E-01] 2.03E-01) 1.89E-01 OK
0
Q
- 15 TH-227 TRG ENGWESAQ12 pCils 5.28E-02| 1.14E-01| 2.21E-01 oK
= 8 16 TH-227 TRG ENGWESAO013 pCils 1.75E-01] 1.82E-01] 1.80E-01 oK
2 ]
o 7]
< | L
o
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM

Oak Ridge Laboratory Work Order: 15-08106-ThiSO-1 Page 2 of s

Lab N Sample Sample Sample Radiometric Grav Mean Sep to Sep t1
Fraction Nuclide Desc Date Aliquot % Ree % Rec % Rec . SAF Date/Time DateiTime
02 TH-227 MBL 08/26/15 00:00 1.00E+00 116.07 0.00 0.00
3 —
&
03 TH-227 DuUP 05/28/15 08:30 1.96E-01 94.62 0.00 0.00
04 TH-227 TRG 05/27/15 16212 2.84E-01 123.63 0.00 0.00
1]
: O
&} ) 05 TH-227 DO 05/28/15 08:30 1,96E-01 137.88 0.00 0.00
‘ti E———
3 i 06 TH-227 TRG 05/28/15 09:08 3.92E-01 123.41 0.00 0.00
=
< I"'"
07 TH-227 TRG 05/28/15 09:30 3.92E-01 124.06 0.00 0.00
k> 08 TH-227 TRG 0527115 15:08 3.92E-01 135.19 0.00 0.00
14
o -
§ - 09 TH-227 TRG 05/27/15 16:50 3.92E-01 119.15 0.00 .00
"3
% _— 10 TH-227 TRG 05/27/15 12:00 3.92E-01 123.34 0.00 0.00
L]
Q
‘fg’ 11 TH-227 TRG 05/27115 15:38 3.92E-1 139.07 0.00 0.00
£
@
8 42 TH-227 TRG 05/28/15 10:42 3.92E-01 107.99 0.00 0.00
4 13 TH-227 TRG 05/28/15 11:06 3.92E-01 102.11 0.00 0.00
c
. 14 TH-227 TRG 05/27M5 09:10 3.92E-01 126.57 0.00 0.00
0
Q
";'é 15 TH-227 TRG 05/27/15 10:36 3.92E-01 120.45 0.00 0.00
= 8 16 TH-227 TRG 05/27/15 11:17 2.84E-01 123.38 0.00 0.00
£ W
a3 0
<
o
B
2
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 3:20 PM

ek Ridge Laboratory Work Order: 15-08106-ThISO-1 Page 3of3

Lab . Sampte Counting Halflife Count Bkg
Fraction Nuclide Desc Date/Time (days} Detect Carrler Time Counts CPM Eff
02 TH-227 MBL 09/08/15 08:06 A_Spec |Alpha_057 170{1.10 E+01 |0.00 E+00 15.8
5 g
03 TH-227 DUP 08/08/15 08:06 A_Spec |Alpha_058 170]4.83 E+00  |1.00 E-03 16.4
04 ‘TH-227 TRG 09/08/15 08:06 A_Spec  |Alpha_059 170|1.37 E+01 |2.00 E-03 17.2
g O
) 173} 05 TH-227 Do 09/08/15 08:06 A_Spec |Alpha_060 170|4.66 E+00 [2.00 E-03 15.4
W
5 L 06 TH-227 TRG 09/08/15 08:25 A_Spec |Alpha_033 170/8.98 E+00  |6.00 E-03 18
| =
07 TH-227 TRG 09/08/15 08:25 A_Spec |Alpha_034 170|9.00 E+00  [0.00 E+00 17.9
& 08 TH-227 TRG 09/08/15 08:25 A_Spec |Alpha_035 170{9.32 E+00 |4.00 E-03 16.5
|
0 -
X - 09 TH-227 TRG 09/08/15 08:25 A_Spec |Alpha_036 170|1.36 E+01 |8.00 E-03 18.1
=
é s 10 TH-227 TRG 09/08/15 08:25 A_Spec |Alpha_037 170{9.83 E+00 |1.00 E-03 171
E L}
L1
g 41 TH-227 TRG 09/08/15 08:26 A_Spec |Alpha_038 170(4.66 E+00 |2.00 E-03 16.2
£
é 12 TH-227 TRG 09/08/15 11:18 A_Spec iAlpha_033 170/3.98 E+00  |6.00 E-03 18
o 13 TH-227 TRG 09/08/15 11:18 A_Spec |Alpha_D34 170{1.00 E+01  |0.00 E+00 17.9
o :
~ 14 TH-227 TRG 09/08/15 11:18 A_Spec  |Alpha_035 170|8.32 E+00  (4.00 E-03 16.5
0
O
= 15 TH-227 TRG 09/08/15 11:18 A_Spec |Alpha_036 170(1.64 E+00  |8.00 E-03 18.1
‘E 8 16 TH-227 TRG 09/08/15 11:18 A_Spec |Alpha_037 170|3.83 E+0C  [1.00 E-03 17.1
g 0
G 0
<L
o
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Count Room Report

15-08106-ThISO-1 (pCi/s) in AF

Printed: 9/8/2015 5:02 AM

Client: Auxier Associates, Inc. Tracer ID: Th-18a rage tert
fnternal : Sampie Client Sample Sample Tracer Tracer Radiometric Radiomem‘cé SAF SAF
Fraction ; Desc D Date Aliquot Aliguot (g) ACT (dpm) Tracer {pCi) % Rec : ™ 2*
g\g 01 LCS LCS | 08/26/15 00:00 1.0000 0.4707 ?0.5719 0.00
02 MBL BLANK 08/26/15 00:00 1.0000 0.2344 5.2646 000
03'“ DUP o IV‘EVNGWESAooz 051281150843601960 o 02343 . 52604 0.00 °
04  TRG | ENGWESAQ01 05127115 16:12 |  0.2840 02342 | 52601 000
Ao " 05 2 DO | ENGWESAO(527 05/28/15 08:30 |  0.1960 02339 5;_2534 o.dbm i
1| % Tre  ewewesaos osemisosos | oo | oz st ooo |
07" © TRG ENGWESAQQ4 05/28/15 09:30 0.3920 0.2331 52354 | 0.00
08 , : TRG ENGWESAoos | 05/27/15 15:08 0.3920 0.2340 52556 000
08- ' TRG |  ENGWESAQ0S . 05/27/15 16:50 0.3920 0.2335 52444 - 0.00
10. - TRG ENGWESAOO? 05/27/15 12:00 0.3920 0.2338 i 572511 - | 0.00 ]
N[ m e enowessoss  osemnsisss | oso | oavis s 000 | B
12 TRG ENGWESADC9 05/28/15 10:42 0.3920 0.2336 5.2467 0.00 |
Q_L 13 TRG  ENGWESAOI0 052851105 | 03920 02330 5232 | 000
N 14 . TRG ENGWESAO11 | 05/27/15 09:10 0.3920 0.2336 5.2467 0.00 -
i 15  TRG ENGWE‘;&\{T‘Q . 0527/15 1036 0.3920 0.2332 52377 : 0.00
16 .‘i'-RC‘-.-.  ENGWESA013 '_-___T_-_65}27/15 11117 | 0.2840 02332 | 52377 0.00
i




Eberline Services

Oak Ridge Laboratory Spike and Tracer Worksheet

Page 1 of 1

Printed: 9/372015 7:18 AN

Internal Work Order Run Analysis Code Date Technician Technician [nitials Witness Initials
15-08106 1 ThiSO 9/3/2015 7:06 JWOLFE W
. LCS & Matrix Spikes- = o LGS M8 ), LGSD. | MSD LGS i M8 B CCSD o MSD -
Isotope Sol # Activity Solufion App_rf)x Volume Volume Volume Volume Knovtm Ea:ror Add?d Er.mr Knmfr.n Ea:ror Adds:-d E;-'mr
dpm/g Date Adtlition Used (g) Used (g) Used (g) Used (g) pCi i Estimate pCi Estimate pCi Estimate pCi Estimate
Th-228 | Theb 103560,  9/32015) 0400 ;.. 04027| LTIl o ied 479 0172 0.00 0.000 0.00 0.000 o.0c 0.000
[ Th-230 | Thb | 23520 ompots| o000, . 0soaa] 5.33§ 0.144 £.00 £.000 0.00 s 0.000
Th-232 Th-8b 103.560% 9/3/2015 0.100]: +:0.1027|" K 4.79% 0.172 0.00 0.000 0.00 0.000 0.00 0.000
Tracers. o i ‘Balance Printer Tapes .
fraction tsofope Sof # ‘:f:n‘;’;g s‘g::’:" :f;’ i_ ‘;"(’gej :‘f :f‘;; ’; Tracer LCS
01 | Th-229 | Tniéa 22460, 9/3/2015|" . ' 0.2200
02 | Th-220 = Thisa "--“_25:4%6] 91312015 " 02344 0.2200
03 | Th229 Thisa | 22460 9/32015| 0 0.2343 | 02200
04  Th229 22460 9/3/2015] 0.2200
05 | Th-229 224600 9/3/2015| 0.2200
06 Th-229 | - 22460 9372015 - 0.2200
07 | Th-229 22.460] 93020151 .+ 0.2200
08 Th-229 22.460] 9/3/2015]" 0.2200
09 | Th-229 | Th1ea , 22460 amn0ts) 02200 |
10 Th-229 22.450] 913120151 - 02200 Matrix Spike
11 "'fh'Qézs 22,460 9f3/2015| e 4'-"(_).2200
[ 12 Th229 224601 9/3/2015) - 0.2200
13 Th229 22480 913/2015 : 0.2200
14 Th229 22480:  9/3/2015) . -0,2336 0.2200
15 Th-229 20480 91342015 0.2332 0.2200
[ 16 | Th-229 22460 /312015 0.2332 ' 0.2200 |

Version 2.0 08/99




Eberline Analytical - Printed: ©/3/2015 7:53 AM
Oak Ridge Laboratory Aliquot Worksheet Page 10f 1

Work Order Ran Anatyste Code 2t Uindls Lah Deadline Techniciar
15-08106 ThiSO s 9/15/2015 JWOLFE

Lab Auxier & Associates, Inc.| Samgple Muffle Data Biletion Data _ Aliquot Data MS Aliquot Data H-3 Spli__dﬁ()_r_}l}

Fraction Ratio . ool P e ST e | water Added H3 Dist
Client ID Type Post/Pre - - . |- 'No of Dils Dif Factor Ratio- .. Aliquot Net Equiv, Aliquot Net Equiv {ml) : Alig

o1 LCS LCS ST e s T L AU00E#00 | 1.0000E+00] 1:0000E40G R

02 BLANK MBL R U 1:00E+00| 1.000CE+00| 1.0000E+0Q o i

03 ENGWESA002 DuP | - T T T L TR T 00E+00,| | 1.9600E.01]  1.9600E01 ]

04 ENGWESA001 TRG . S L 1.00E+00| 2.8400£E-01] 2.8400E-01 O
05 |  ENGWESA002 Do S S : 7 CTU1.00E+007  1.9600F-01]  1.9600E-01

06 ENGWESA003 TRG S B : 1 1.00E+00]| 3.9200E-01|  3.92006E-01

o7 ENGWESA0D4 | TRG | - o .opsfen oo o o] b o -10GE#00 |  3.9200E-01)  3.9200E-01)

08 ENGWESA005 TRG | T ' | 1.00E+00] 392002-01] 3.9200E-01

08 | ENGWESAQ06 TRG D e i JLO00E00 | 3.9200E-01)  319200E-01 |

10 ENGWESAO0T TRG - sl ' o e {00ER00 ] 3.9200E01]  3.9200E:01 :

11 ENGWESA008 TRG 1006 39200E-01]  3.9200E:01]
12 | ENGWESAwos | TRG _3.9200E-01) _3.9200E01

13 ENGWESAD10 TRG A, 3.9200E-01}  3.9200E-01

14 ENGWESA011 _TRG - 1.1.80EX00]  3.9200E-01) . 3.9200E-01
A8 L ENGWESAMZ ) TRG . A00E+00]  3.9200E-01)  3.9200E-01
16 ENGWESA013 | TRG OE+00:]  2.8400E-01]  2.8400E-01

Comments

Technician: H}\.Nf@ i E:’_samu Date: C? / L% 45




Apex-Alpha”

Sample Description: SPIKE ;
Spectrum File: \\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\ (0001281 i
Batch Identification: 1508106A-TH |
Sample Identification: 01

Sample Geometry: Shelf 2

Procedure Description: Th isoc

Detector Name: Alpha 056

Chamber Serial Number: 100061248

Detector Serial Numbher: 56

Env. Background: System Bkgd 128421

Reagent Blank: <not performeds»

Sample Size: 1.000E+000 +/- 0.000E+000 sample

Sample Date/Time: 9/8/2015 £:18:53 AM

Acqguigition Date/Time: 9/8/2015 8:06:10 AM

Acquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: Th229 & TH-18A

Tracer Quantity: 0.471 mL

Effective Efficiency: 0.1694 +/- 0.0111

Counting Efficiency: 0.1600 +/- 0.0028 on 12/13/2014 2:30:22 PM

Chem. Recovery Factor: 1.0585 +/- 0.0716

Control Certificate Name: NatTh Th-8
Chem. Recov. of Control: TH-232 1.135002 +/- ©.101862
Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(keV)
TH-227 5.781 33.47 34.77 1.53 0.00E+00Q0 3.C
TH-228 5.367 351.13 10.49 1.87 0.00E+00Q0 7.9
TH-229 T 4,870 304.47 11.27 1.53 ¢.00E+C00 10.1
TH-230 4.616 407.49 S.72 0,51 0.00E+000 12.7
TH-232 3.944 347.64 10.54 1.36 C.00E+000 5.9
T = Tracer Peak used for Effective Efficiency
mmmmm NUCLIDE ANALYSIS RESULTS -————
Id Energy Activity MDA
Nuclide Conf, (keV) (pCi/sample) (pCi/sample)
TH-227 0.275 5850,00%* 5.37E-001 +/~ 1.99E-00C1 1.14F-001 +/- 1.46E-002
TH-228 0.894 5400.00% 5.50E+00C +/- 92.10E-001 1.19E-001 +/- 1.52E-002
TH-229 1.0¢0 4872 .00%* 4 .79E+000 +/- 6.13E-001 1.12E-001 +/- 1.43E-002
TH-230 0.984 4672 .00%* 6.39E+000 +/- 1.03E+000 8.22FE-002 +/- 1.05E-002
TH-232 0.986 38397.00%* 5.44E+000 +/~ 9.01E-0C1 1.07E-001 +/- 1.37E-002

Ac
G/5l"s




Counts

0000128105.CNF

Live Time :10200.000 sec

Real Time :10200.300 sec

start:  1:3450.2(kev)

Stop + 1024:6481.1(kev}

ACG. Start :Tue Sep 08 08:06:10 2015

A
|11£’} iQ ﬁ‘ﬁ% i MMANMFY I 1

5500 6000

5000
Energy(kev)
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REPORT

2:45: ) 44
HEKERRKRKA KRR KRR TR AR A A Ak h kR khkk kA kkkkhkkkhFkkhkkkk k%

9/8/2015
DATA

10200
10200

01

(LRSS ERSS RS EEREESEEEREAERSEESRERSSEERERESERRERESERERERLERERES]
S PECTRAL

Channel Data Report
khkkk*k
Sample Title:
Elapsed Live time:
Elapsed Real Time:

oMN OO
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33:
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65:

<o~ O

73:
81:
89:
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10
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105:
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153:
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185:
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241 :
249:
257:
265:
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281:
289:

1
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305:
313
321:
329:
337:
345:
353:
361:



Page 2
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9/8/2015
10
10
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0l

10
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Sample Title:
11

377
385:
393:
401:
409:
417:
425
433
4471 :
449:
457 :
465:
473
481 :
489:
497
505:
513:
521:
529:
537:
545
553:
561
E69:
577:
585:
593
601:
609:
617:
625:
633:
641:
649:
657:
665
673
681:
689:

Channel Data Report
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O

697 :
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721
729:
F37:
745:
753:
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785:
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9/8/2015

Sample Title: 01
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825:

Channel Data Report
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_—=Apex-Alpha” B

q\¥

Sample Description: BLANK
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001281
Batch Identification: 1508106A-TH
Sample Identification: 02
Sample Geometry: Shelf 2
procedure Description: Th iso
Detector Name: Alpha 057
Chamber Serial Number: 01017326A
Detector Serial Number: &7
Env. Background: System Bkgd 128422
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 sample
Sample Date/Time: 9/8/2015 6:18:53 BM
Acquigition Date/Time: 9/8/2015 8:06:02 AM
Acquigition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: Th229_ & TH-18A
Tracer Quantity: 0.234 mL
Effective Efficiency: 0.1830 +/- 0.0154
Counting Efficiency: 0.1577 +/- 0.0028 on 12/13/2014 2:27:38 PM
Chem. Recovery Factor: 1.1607 +/- 0.0998
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT ———--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.808 11.00 61.72 0.00 C.00E+00Q0 3.0
TH-228 5,287 1.81 193.78 1.19 C.00E+G00 3.0
TH-229 T 4.878 153.83 15.32 0.17 0.00E+000 5.9
TH-230 4.663 4.15 107.12 0.85 0.00E+000 3.0
TH-232 3.54¢6 -0.17 1169.4 0.17 C.00E+000 0.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -————
Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/sample) {(pCi/sample)
TH-227 0.991 5850.00% 1.63E-001 +/- 1.04E-001 8.90E-002 +/- 1.47E-002
TH-228 0.936 5400.00%* 2.62E-002 +/- 5.10E-002 9.54E-002 +/- 1.57E-002 :
TH-229 1.000 4872 .00% 2.38E+000 +/- 3.93E-001 6.07E-002 +/~ 1.00E-Q02 k
TH-230 1.000 4672.,00% 6.02E-002 +/- 6.52E-002 8.68E-002 +/- 1.43E-002 k
TH-232 0.987 3997.00%* -2.46E-003 +/- 2.88E-002 6.048-002 +/- 9.96E-003 V

G,
q[,“frx




Counts

0000128115 .CNF

Live Time :10200.000 sec

BO,E Real Time :10200.000 sec
| start:  1:3442.8(kev)
B Stop : 1024:6489.2(kev)
B Acg. Start :Tue Sep 08 08:06:02 2015
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Energy (kev)

ROI Type: 3
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= Apex-Alpha”

Sample Description: ENGWESA002-DUP

Spectrum File: \\OR-ALPHA1\ Canberra\Apexhlpha\Root\Data\00001281
Batch Tdentificaticon: 1508106A-TH

Sample Identification: 03

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha_ 058

Chamber Serial Number: 010173268

Detector Serial Number: 58

Env. Background: System Bkgd 128423

Reagent Blank: <not performed:

Sample Size: 1.960E-001 +/- 0.000E+000 zample
Sample Date/Time: 5/28/2015 6:18:53 AM
Acguisition Date/Tinme: g9/8/201% 8:06:04 AM
Acguisition Live Time: 170.0 minutes

Acquisition Real Time: . 170.0 minutes

Tracer Certificate: Th229_ S8 TH-18A

Tracer Quantity: 0.234 mL

Effective Efficiency: 0.1552 +/- 0.014°0

Counting Efficiency: 0.1640 +/- 0.0029% on 12/13/2014 2:26:06 PM
Chem. Recovery Factor: 0.9462 +/- 0.0872

Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {(MeV) Pk Area Error % Backgnd Backgnd (kav}
TH-227 5.832 4,83 91.00 Q.17 0.00E+0G0 3.0
TH-228 5.382 6.66 78.18 0.34 C.00E+0Q000C 3.0
TH-229 T 4.880 138.83 16.65 0.17 C.00E+00C 5.2
TH-230 4.602 10.66 61.14 0.34 0.00E+000 4.5
TH-232 3.998 4.32 102.62 C.68 0.00E+000C 3.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -----
Id Energy Activity MDA
Nuclide Cont, {(keV) (pCi/gample) (pCi/sample)
TH-227 0.998 5850.00%* 4 ,35E-001 +/- 4,.04E-001 3.76E-001 +/- 6.67E-002
TH-228 0.9358 5400.00% 6.43E-001 +/- 5.16E-001 4.62E-001 +/- 8.18E-002
TH-229 1.000 4872.00%* 1.22E+001 +/- 2.15E+000 3.65E-001 +/- 6.47E-002
TH-230 0.975 4672.00%* 9.30E-001 +/- 5.92E-001 4,.178-001 +/- 7.39E-002
TH-232 1.600 3997.00%* 3.76E-001 +/- 3.82E-001 4.918-001 +/- B8.71E-Q02

Wy




Counts

0000128106 .CNF
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Start:  1:3445 4(kev)

Stop @ 1024:6494.0Ckev)

ACQ. Start :Tue Sep 08 08:06:04 2015
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_=Apex-Alpha” B

Sample Description: ENGWESAQOL

Spectrum File: \\OR-ALPHAL\Canberra\Apexalpha\Root\Data\¢0001281
Batch Tdentification: 1508106A-TH

Sample Identification: 04

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha 059

Chamber Serial Number: 100061254

Detector Serial Number: 59

Env. Background: System Bkgd 128424

Reagent Blank: <not performeds

Sample Size: 2.840E-001 +/- 0.00CE+000 sample
Sample Date/Time: 5/27/2015 6:18:53 AM
Acquisition Date/Time: 9/8/2015 8:06:06 AM
Acguisition Live Time: 170.0 minutes

Acquisition Real Time: - 170.0 minutes

Tracer Certificate: Th22%_S_TH-18A

Tracer Quantity: 0.234 mL

Effective Efficiency: 0.2123 +/- 0.0168

Counting Efficiency: 0.1717 +/~ 0.0030 on 12/13/2014 2:24:23 EM
Chem. Recovery Factor: 1.2363 +/- 0.1000

Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {kev)
TH-227 5.817 12.66 53.80 0.34 0.00E+000 3.0
TH-228 5.324 7.98 74.35 1.02 0.00E+0CO 3.0
TH-229 T 4.883 189.83 14.23 0.17 0.00E+000 11.9
TH~230 4.624 22.83 41.20 0.17 0.00E+00C0O 4.5
TH-232 3.975 2,66 128.85 0.34 0.00E+000 3.0
T = Tracery Peak used for Effective Efficiency
MMMMM NUCLIDE ANALYSIS RESULTS ——==-
Id Energy Activity MDA,
Nuclide Conf. {keV) {pCi/sample) (pCi/sample}
TH-227 994 585C.00%* .21E-001 +/- 3.48E-001 L1TE-001 +/- .37E-002

0 3 2 3

0 3.89E-001 +/- 2.96E-001 3.07E-001 +/- 4.75E-002
TH-222 0.999 4872.00% 8.38E+000 +/- 1.30E+000 1.84E-001 +/- 2.85E-002

0 1.01E+000 +/- 4.42E-001 1.84E-001 +/- 2.84E-002

0 1.17E-001 +/- 1.52E-001 2.10E-001 +/- 3.25E-002

p{%
U8 f( '




0000128116 .CNF

B Live Time :10200.000 sec
60‘““ Real Time :10200.100 sec
B start:  1:3437.7(kev)
B Stop @ 1024:6486.4(kev)
B ACq. Start :Tue Sep 08 08:06:06 2015
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—Apex-Alpha
Sample Description: ENGWESAQQ2
Spectrum File: \\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\00001281
Batch Identification: 1508106A-TH
Sample Identification: 05
Sample Geometfry: Shelf 2
Procedure Description: Th is=o
Detector Name: Alpha 060
Chamber Serial Number: 100061258
Detector Serial Numbexr: &0
Env. Background: System Bkgd 128425
Reagent Blank: <not performeds
Sample Size: 1.960E-001 +/- 0.000E+000 sample
Sample Date/Time: 5/28/2015 6£:18:53 AM
Acguigition Date/Time: 9/8/2015 8:06:08 AM
Acguisition Live Tinme: 170.0 minuteg
Acguisition Real Time: | 170.0 minutes
Tracer Certificate: Th229 S TH-18A
Tracer Quantity: 0.234 mL
Effective Efficiency: 0.2127 +/- 0.0168
Counting Efficiency: 0.1543 +/- 0.0028 on 12/13/2014 2:22:05 PM
Chem. Recovery Factor: 1.3788 +/- 0.1118

Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {(MeV) Pk Area Error % Backgnd Backgnd {keV)
TH-227 5.802 4.66 94 .58 .34 0.00E+0Q00 3.0
TH-228 5.342 7.47 79.84 1.53 0.00E+000 5.9
TH-229 T 4.889 189,98 14.26 1.02 0.00E+000 4.7
TH-230 4.616 18.66 45,85 0.34 0.00E+000 3.0
TH-232 3.923 8.00 73.50 0.00 0.00E+000 3.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA
Nuclide Conf . (keV) {pCi/sample) {pCi/zample)
TH-227 0.988 5850.00%* 3.06E-001 +/- 2.94E-001 3.14E-001 +/- 4.88E-002
TH-228 0.982 5400.00%* 5.26E-001 +/- 4,28E-001 5.01lE-001 +/- 7.76E-002
TH-229 0.999 4872.00% 1.21E+001 +/- 1.88E+000 4.02E-001 +/- 6.24E-002
TH-230 0.984 4672.00% 1.19E+000 +/- 5.75E-001 3.04E-001 +/- 4.72E-002
TH-232 0.872 3987 .00* 5.08E-001 +/- 3.82E-001 3.81E-001 +/- 5.91E-002
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= ApEX-

Sample Description:
Spectrum File:
Batch Identification:

Alpha”

ENGWESAQO03
\\OR-ALPHAl\ Canberra\ApexAlpha\Root\Data\ 00001281
1508106A-TH

Sample Identification: 1]

Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 033
Chamber Serial Number: 040264794
Detector Serial Number: 91132

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Aequisition Live Time:
Aeguigition Real Time:

Tracer Certificate:

System Bkgd 128398
<not performeds

3.920E-001 +/-

5/28/2015 65:18:53 AM

9/8/2015 8:25:49 AM
170.0 minutes
170.0 minutes

0.000E+00C sample

Th229 S _TH-18A

Tracer Quantity: 0.234 mL
Effective Efficiency: 0.2227 +/- 0.0172 .
Counting Efficiency: 0.1805 +/- 0.0032 con 10/25/2014 2:26:39 BM
Chem. Recovery Factor: 1.2341 +/- 0.0980
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT -----

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV}
TH-227 5.834 8.98 69.62 1.02 0.00E+000 3.0
TH-228 5.278 26.49 38.51 0.51 0.00E+C00 3.7
TH-229% T 4.885 158.83 13.91 0.17 0.00E+000 6.0
TH-230 4.596 39.66 31.28 0.34 0.00E+0C00O 3.0
TH-232 3.543 12.83 55.14 0.17 0.00E+C00 3.0

T = Tracer Peak uged for Effective Efficiency
————— NUCLIDE ANALYSTIS RESULTS -—----
Id Energy Activity MDA

Nuclide Conf (kev) {(pCi/sample) (pCi/sample)
TH-227 0.999 5850.00%* 2.82E-001 +/- 2.01E-001 1.98E-001 +/- 3.C0E-002
TH-228 0.925 5400.C0* 8.91E~-001 +/- 3.69E-001 1.77E-001 +/- 2.68E-002
TH-229 0.99% 4872 .00%* 6.06E+000 +/- $.20E-001 1.27E-001 +/- 1.93E-002
TH-230 0.970 4672.C0%* 1.21E+4000 +/- 4.18E-001 1.45E-001 +/- 2.21E-002
TH-232 0.985 3997.00%* 3.8%E-001 +/- 2.23E-001 1.27E-001 +/- 1.92E-002
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_SApex-Alpha”

Sample Degcription: ENGWESA004

Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001281
Batch Identification: 1508106A-TH

Sample Tdentification: 07

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha_ 034

Chamber Serial Number: 04026479B

Detector Serial Number: $1136

ZEnv. Background: System Bkgd 128399

Reagent Blank: <not performeds>

Sample Size: 3.920E-001 +/- 0.000E+000 sample
Sample Date/Time: 5/28/2015 6:18:53 AM
Acquisition Date/Time: 9/8/2015 8:25:51 AM
Acquisition Live Time: - 170.0 minutes

Acguigition Real Time: 170.0 minutes

Tracer Certificate: Th229 S TH-184

Tracer Quantity: 0.233 mL

Effective Efficiency: 0.2219 +/- 0.0172

Counting Efficiency: 0.1789 +/- 0.0031 on 10/25/2014 2:30:05 BM
Chem. Recovery Factor: 1.2406 +/- 0.0988

Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide {(MeV) Pk Area Error % Backgnd Backgnd {kaV)
TH-227 5.806 9.00 68,87 0.00 0.C00E+000 3.0
TH-228 5.261 36.49 32.71 0.51 0.C0E+000 3.0
TH-229 T 4.883 197.49 13.97 0.51 0.G0E+000 14.9
TE-230 4.609 45 .00 29.54 0.00 0.00E+000 4.5
TH-232 3.548 20.83 43.15 0.17 0.00E+000 3.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS —----
Id Energy Activity MDA
Nuclide Conf. (kev) {(pCi/sample)} {(pCi/sample)
TH-227 0.950 5850.00%* 2.84E-001 +/- 2.00E-001 1.89E-001 +/- 2.8BE-002
TH-228 0.9204 5400.00* 1.23E+000 +/- 4.45E-001 1.77E-001 +/- 2.70E-002
TH-229 0.599 4872.00* 6.05E+000 +/- 9.21E-001 1.61E-001 +/- 2.4%5E-0Q2
TH-230 0.979 4672 .00* 1.37E+000 +/- 4.56E-001 1.83E-001 +/- 2,79E-002
TH-232 0.988 3997 .00%* €.35E-001 +/- 2.90E-001 1.278-00% +/- 1.94E-002

kG
shs




Counts

0000128119.CNF

Live Time :10200.000 sec

Real Time :10200.300 sec

start:  1:3453.4(kev)

Stop : 1024:6510.9(kev)

Acq. Start :Tue Sep 08 08:25:51 2015

60

55

T T T T 1§ T T 010

50

45+

40~

354

T T T T T T T T T T T i T T T i 1T T T 1T

25

FTT T T T T T

20-

T

15

10+

P T i T T T T T T T T3]

i

Lo
o T N RS L 4 | il

(e 4 mﬁ\aﬂwﬁsmﬁﬁ flMMhhﬂ&AMMHﬂnA”é. N I | |
4000 4500 5000 5500 6000

Energy(kev)

I
i
[enl
L]

ROI Type: 1 Roi Tyﬁé: 3




1

Page

:45:57 PM

2

9/8/2015

Channel Data Report

hkxErkkhdhhdddThdhdhhddhhhhdhhdrihhidrdbdhkhhkdhdktdhrhkhkrdxdhrthikkik

DATA REPORT Fkk kK
hhkkh kR kh Ak Rk hkhhkhkkhhhhkhhhkhkhdhkhkhhhhhhhhkhkkhkhhkhkhd Xk k&%

S PECTRAL

* Kk kkk

Sample Title:

o7

Elapsed Live time:

10200

Elapsed Real Time:

10200

s 1 e e

0

0

0

0

0

0

0

1

1:

17

o OO0

oo oo

33
47
49

25:

57:

65:
73

o O

81:
89:

97 :

105:

113:

121

129:

137:

145:

153:

161:

169:

177:

185:

193:

201:

209:

217:

225:

233:

— O

241
249:

257:

265;

273:

281:

289:

297:

305:

313:

321:

329:

337:

345;:

353:

361:

i
&l



	Table of Contents

	Chain of Custody 
	Sample Acknowledgement 
	Case Narrative
	Analytical Results Summary
	Analytical Standards
	Quality Control Sample Results Summary
	Laboratory Technician's Notes & Run Logs

	Analytical Data (Isotopic Uranium)
 
	Analytical Data (Isotopic Thorium)
	Analytical Data (Gamma Spectroscopy)



